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ABSTRACT 
 
How do people make difficult choices, and how does the decision process influence 
subsequent attitudes towards the choice options? Moreover, does culture influence decision-
making and attitude change? My dissertation addresses these questions using neuroimaging data 
from individuals who evaluated choice options before and after making difficult choices either 
for the self or a close friend. In Study 1, I measured neural activation during decision-making 
and found that brain regions involved in self-processing and reward processing predicted attitude 
change for European Americans but not East Asians. Moreover, regions involved in conflict 
detection and negative arousal were recruited when people made difficult (versus easy) choices 
for the self and a close friend, whereas mentalizing regions were recruited when people made 
difficult choices for a close friend (versus self choices). In Study 2, I found that post-choice 
connectivity between regions involved in self-processing predicted attitude change. In Study 3, I 
found that European Americans represented information about choice outcome (chosen versus 
rejected) in self-processing regions, whereas East Asians represented information about choice 
outcome in mentalizing regions. Both European Americans and East Asians represented 
information about choice target (self versus friend) in both self-processing and mentalizing brain 
regions. The current work provides evidence for key brain regions and networks that support 
decision-making and attitude change for both the self and close others. This research advances 
understanding of how culture shapes the way in which people evaluate choice options and make 
choice.
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CHAPTER I 
Introduction 
Decision-making can be quite difficult, involving complex information about the choice 
options. People can experience intense anxiety, decision paralysis (where they are so anxious 
they actually can’t make a choice), and intense regret after making a choice. The New York 
Times Bestseller list is frequently populated with self-help books designed to help people make 
better choices in their life, but there are still many unresolved questions about decision-making. 
How do people process choice information? What are the boundary conditions for these 
processes? That is, are the same (or different) neural processes recruited when people make 
choices for themselves as well as for close others? Are the same (or different) neural processes 
recruited for individuals from different cultures? And how does this decision process influence 
attitudes towards the choice options? The current work utilizes neuroimaging to examine these 
important questions and provides evidence for key brain regions and networks that support 
decision-making and attitude change for both the self and close others.  
Decision-making can be difficult, in part, because choice options involve multiple 
attributes and evaluating which option is the “best” can be ambiguous and subjective. When 
purchasing a new car, should you purchase the most popular car, the safest car, or the one with 
the best gas mileage? There are many publically available metrics to help evaluate attributes such 
as popularity, safety, and fuel efficiency, but what if you care more about popularity with your 
friends and family than national popularity? For many decision attributes, there isn’t an objective 
metric that can be used to inform the decision, and thus the decision becomes subjective and
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open to the interpretation of the chooser. In turn, this ambiguity can lead to conflicting thoughts, 
attitudes, and beliefs about which option to choose, as well as decision-related negative arousal 
(e.g., anxiety, fear, and regret).  
How Do People Make Difficult Choices? 
In his initial formulation of cognitive dissonance theory, Leon Festinger argued that 
people experience conflict (e.g., conflict between choice options) as negatively arousing and are 
motivated to reduce this negative arousal (called dissonance). One way in which people have 
been shown to resolve choice-related dissonance is to shift their attitudes and preferences 
towards the choice options (Brehm, 1956; DeWall, Chester, & White, 2015; Kitayama & 
Tompson, 2015). For example, imagine a recent PhD graduate who must choose between job 
offers at two elite universities with similar starting salaries, teaching requirements, and startup 
research funding. Because the choice is difficult, the graduate should experience negative affect, 
which in turn motivates the graduate to search for positive features that are distinctive to one 
school (and absent in the other school). She could identify that University A has a newer 
research center, and this process of searching for positive distinctive features should lead the 
graduate to prefer University A more and University B less than they initially did. Moreover, this 
search process should reduce response conflict between the two options and enable the graduate 
to make a decision. 
Research on Choice and Attitudes 
Since Festinger’s original formulation, many researchers have theorized different 
processes that might be involved in influencing dissonance arousal, facilitating dissonance-
reducing attitude change, or both (Aronson, 1969; Bem, 1967; Cooper & Fazio, 1984; Elliot & 
Devine, 1994; Gawronski, Bodenhausen, & Becker, 2007; Eddie Harmon-Jones, Amodio, & 
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Harmon-Jones, 2010; Kitayama & Tompson, 2015; Steele, 1988; Stone & Cooper, 2001). Much 
of this work has centered around two primary psychological processes—self-appraisal and 
negative arousal.  
Negative arousal is one of the core components of dissonance theory, but there has been 
surprisingly little research directly examining the role of negative arousal in motivating choice-
related attitude change (although there have been a number of studies on how negative arousal 
relates to other types of attitude change; e.g., Elliot & Devine, 1994; Harmon-Jones, 2000). The 
most direct evidence for the role of negative arousal in motivating choice-related attitude change 
comes from DeWall and colleagues, who found that individuals who have taken a pain reliever 
show reduced attitude change, suggesting that pain associated with making a difficult choice is 
involved in choice-related attitude change (DeWall et al., 2015). 
Daryl Bem argued that, rather than changing their attitudes to reduce negative arousal, 
people simply infer that, because they chose one option over another, they must prefer that 
option more (Bem, 1967). This account, called self-perception theory, does not require conflict 
or negative arousal to explain choice-related attitude change and instead posits that thoughts 
about one’s past behaviors are the primary drivers of choice-related attitude change.  
Other theorists have argued that self-appraisal modulates dissonance, rather than replaces 
it (as Bem argued). Concern about making the right choice (especially when the choice is 
difficult) should be greater when individuals are making a choice that is important or connected 
to the self and these choices should elicit greater threat to one’s perceived view of the self as a 
competent, intelligent decision-maker (Aronson, 1969; Steele, 1988). Thus, when a choice 
involves a greater degree of self-appraisal, individuals experience greater dissonance, and are 
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more likely to increase their preference for the chosen option and decrease their preference for 
the rejected option. 
However, this research has typically been limited to measuring preferences before and 
after a difficult choice and inferring dissonance arousal based on the amount of choice-related 
attitude change that occurs. As a result, most of this research has assumed that dissonance 
reducing attitude change occurs after the choice has already been made, and has ignored how 
negative arousal and/or self-appraisal occurring during the choice might also be involved in 
promoting choice-related attitude change. This assumption is due, at least in part, to the difficulty 
of measuring psychological processes occurring during a relatively short (less than 5 seconds) 
decision. However, one promising avenue through which to study in-choice processes is 
neuroimaging. Neuroimaging can provide a window into this choice period, allowing researchers 
to test what psychological and neural processes might be going on during the choice that 
facilitate the decision and subsequent attitude change. 
Biosocial Model of Affective Decision-Making 
Recently, we proposed a biosocial model of affective decision-making that outlines how 
in-choice processes might contribute to choice-related attitude change (Kitayama & Tompson, 
2015). The biosocial model distinguishes between two levels of processing: in-choice affective 
processing and post-choice cognitive processing. When presented with two equally attractive 
options to choose between, individuals experience negative affect and conflict over which option 
to choose (i.e., dissonance). Recent work in neuroimaging has identified the dorsal anterior 
cingulate cortex (dACC) and anterior insula (aINS) as being involved in conflict detection 
(Shenhav, Straccia, Cohen, & Botvinick, 2014), feelings of physical and social pain (Eisenberger 
& Lieberman, 2004), and feelings of disappointment and regret (Chua, Gonzalez, Taylor, Welsh, 
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& Liberzon, 2009). In support of the hypothesis that dissonance entails activation of dACC and 
aINS, Kitayama and colleagues (2013) found greater in-choice activation in these two areas 
when participants make difficult (as compared to easy) choices.  
Once dissonance is aroused (and dACC and aINS are activated), it will motivate 
additional processing to resolve conflict between the choice options and reduce negative arousal. 
At this initial, pre-cognitive level, choices are made on the basis of the reward values of choice 
options, which are associated with striatal processing (including ventral striatum [vSTR], 
caudate, and midbrain). Thus, one way in which an individual could resolve choice-related 
conflict is to update reward values of choice options by focusing on positive features of one 
option (that are not present in the other option). Through this additional evaluation of the choice 
options, the individual develops more positive attitudes towards one option than the other, which 
motivate the response selection. During the choice, activity in vSTR and posterior cingulate 
cortex (PCC) predicts choice-related attitude change (Jarcho, Berkman, & Lieberman, 2011; 
Kitayama, Chua, Tompson, & Han, 2013). These regions are implicated in anticipated reward 
and incentive processing (Berridge, Robinson, & Aldridge, 2009; Knutson, Taylor, Kaufman, 
Peterson, & Glover, 2005; Pearson, Hayden, Raghavachari, & Platt, 2009) as well as self-
referential processing and episodic memory (Sajonz et al., 2010; van der Meer, Costafreda, 
Aleman, & David, 2010). This evidence is consistent with the claim of the biosocial model that 
the decision maker evaluates and updates reward options in order to make a difficult choice and 
reduce conflict and negative arousal. 
The second, more cognitive component of the biosocial model occurs after the choice and 
serves to reinforce the choice. Once the choice has been made, it is cognitively represented, 
connected with abstract representations of the self as well as with past episodes and/or future 
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plans relevant to the choice. This cognitive component corresponds to post-choice attitude 
change mechanisms that are postulated by existing social psychological theories that include 
cognitive mechanisms involving self, episodic memories, and future planning (Aronson, 1969; 
Bem, 1967; Cooper & Fazio, 1984; Festinger, 1957; Gawronski et al., 2007; Steele, 1988), 
although these studies rarely provide any direct evidence for mediating cognitive mechanisms.  
Of all of these cognitive mechanisms, self-processing may be the most promising for further 
understanding post-choice attitude change through neuroimaging. Extensive social neuroscience 
research has been valuable in identifying regions that are reliably activated when individuals 
think, make judgments, and recall memories about the self, including mPFC and PCC/Pcu (Chua 
et al., 2011; Denny, Kober, Wager, & Ochsner, 2012; Northoff et al., 2006b; van der Meer et al., 
2010). I therefore anticipate that post-choice self-processing should predict choice-related 
attitude change. 
Choice Target 
 Most of the research discussed above focuses on choices made for the self. But, 
oftentimes the choices that we make involve others as well, whether it is a choice made for a 
group (e.g., buying a TV for your house that your roommates will also use), a gift purchased for 
a friend, or even a personal choice that impacts someone else (e.g., choosing a job that impacts 
your spouse). Choices made for others involve many of the same decision processes and thus 
recruit many of the same brain regions, but they can also be more complex and require 
considering the perspective and mental state of others. As a result, previous research has found 
that choices for others recruit many of the same brain regions involved in choices for the self 
(e.g., mPFC, PCC, and vSTR; Hare, Camerer, Knoepfle, & Rangel, 2010; Janowski, Camerer, & 
Rangel, 2013; Jung, Sul, & Kim, 2013; Zaki, Lopez, & Mitchell, 2014), but they also recruit 
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regions involved in thinking about the mental states of others (i.e., mentalizing) including 
temporoparietal junction (TPJ; Hare et al., 2010; Janowski et al., 2013; Jung et al., 2013). 
However, none of these studies examined these neural processes across cultures, nor did they test 
attitude change to see whether neural activation for self and friend choices might relate to 
attitude change for chosen and rejected options. 
Based on the analysis above, I expect that regions involved in detecting conflict (dACC), 
negative arousal (aINS), reward processing (vSTR), mentalizing (TPJ), and self-processing 
(mPFC and PCC) should be recruited when people make difficult choices, and should also 
facilitate choice-related attitude change. In Chapter 2, I will focus on average levels of activation 
(i.e., univariate activation) within these brain regions to examine how these brain regions are 
involved in decision-making and attitude change. In Chapter 3, I will expand beyond single-
region activation and test whether connectivity between brain regions (specifically, between 
mPFC and PCC) is related to attitude change. Finally, in Chapter 4, I will use multivariate 
analyses to test whether patterns of activation within these regions represent information about 
the choice options. 
Beyond Univariate Activation 
Analyzing the patterns of activation within and between brain regions can advance our 
understanding of the psychological processes underlying choice and attitude change. Traditional 
neuroimaging analyses focusing on average or peak activation within a single region fail to 
capture complex patterns of activation across brain regions (Haxby, 2012), and thus analyses that 
examine connectivity between regions as well as patterns of activation within brain regions will 
be important for understanding how brain activity facilitates decision-related attitude change.  
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Moreover, multivariate patterns within a brain region are thought to track firing patterns 
of clusters of neurons within that brain region more closely than univariate activation, and thus 
more strongly represent how that brain region is processing and representing information (Mur, 
Bandettini, & Kriegeskorte, 2009). This research is the first to examine cultural differences in 
neural representations of choice information, and thus provides an exciting new window into 
how people from different cultures process choice information. 
Choice and Culture 
An additional goal of the current project is to examine potential boundary conditions of 
the relationship between brain activation, choice, and attitude change.. Specifically, do people 
from different cultures recruit the same (or different) brain regions when making choices for the 
self and a close friend? People from collectivistic cultures (e.g. Japan, Korea, and China) tend to 
view the self as interdependent: connected with others, embedded in social relationships, and 
defined primarily by relational characteristics such as social duties and roles (Markus & 
Kitayama, 1991). People from collectivistic cultures are more likely to choose shared (vs. 
unique) options for themselves (H. Kim & Markus, 1999), be motivated to work hard at a task 
for a close other (Iyengar & Lepper, 1999; Na & Kitayama, 2012), and perceive choice as an 
opportunity to strengthen one’s social relationships (H. S. Kim & Sherman, 2007). In contrast, 
people from individualistic cultures (e.g. the United States) tend to view the self as independent: 
unique, separate from others, and defined primarily by internal features such as personality traits 
and preferences (Markus & Kitayama, 1991). For people from individualistic cultures, choices 
are seen as expressive of one’s internal, self-defining features (Iyengar & Lepper, 1999; Kim & 
Sherman, 2007; Na & Kitayama, 2012) and people from individualistic cultures may therefore 
see choice as an action that is self-defining.  
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Moreover, as compared to people from collectivistic cultures, people from individualistic 
cultures perceive more choices in everyday behavior (Savani, Markus, Naidu, Kumar, & Berlia, 
2010), are more likely to change their attitudes following a difficult choice (Kitayama, Snibbe, 
Markus, & Suzuki, 2004), choose unique (vs. common) options for themselves (Kim & Markus, 
1999), and view choice as an opportunity to express their personal preferences more (Savani, 
Markus, & Conner, 2008). Thus, people from individualistic cultures should primarily make 
choices that are driven by internal factors (e.g., personal preferences), whereas people from 
collectivistic cultures should primarily make choices that are grounded in the social context and 
influenced by norms and preferences of close others (Markus & Kitayama, 2003; Riemer, 
Shavitt, Koo, & Markus, 2014). Extending this reasoning, neural processes that are involved in 
evaluating information about the self and one’s personal preferences should be strongly involved 
in decision-making for people from individualistic cultures. By contrast, neural processes that 
integrate information about social context and others’ preferences should be strongly involved in 
decision-making for people from collectivistic cultures. 
Consistent with the above analysis, recent research has found that people from 
individualistic cultures are more likely to recruit regions involved in thinking about and 
evaluating the self when making social judgments (e.g., judging whether a trait adjective 
describes the self and/or a close friend), whereas people from collectivistic cultures are more 
likely to recruit regions involved in taking the perspective of others when making social 
judgments (Han & Ma, 2014; Ma et al., 2012). For example, Danish individuals are more likely 
to recruit mPFC when thinking about and evaluating the self whereas Chinese individuals are 
more likely to recruit TPJ when thinking about and evaluating the self (Ma et al., 2012). 
Additionally, a recent meta-analysis found that these cultural differences extend to other types of 
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social judgments, such that people from individualistic cultures are more likely to recruit mPFC 
whereas people from collectivistic cultures are more likely to recruit TPJ when making social 
judgments (Han & Ma, 2014). I believe that these same patterns of cultural differences (greater 
TPJ activation for people from collectivistic cultures and greater mPFC activation for people 
from individualistic cultures) might extend to consumer choices as well. 
Research Aims and Hypotheses 
The current research aims to address five primary questions: 
Question #1: How do people make difficult choices? 
Question #2: Do in-choice neural processes influence attitude change? 
Question #3: Do post-choice neural processes influence attitude change? 
Question #4: Are the same neural processes involved for personal and social choices? 
Question #5: Are the same neural processes involved for people from individualistic and 
collectivistic cultures? 
In Chapter 2, I use neuroimaging to address Questions #1, 2, 4 and 5. I examine neural 
activation while individuals from the United States and East Asia make choices for themselves 
and a close friend. I hypothesize that mentalizing regions should be more involved in decision-
making for East Asians, whereas self-processing regions should be more involved in decision-
making for European Americans. 
Chapter 3 expands upon Chapter 2 by addressing how post-choice processes contribute to 
attitude change (Question #3). In Chapter 3, I use neuroimaging to examine whether changes in 
univariate activation as well as changes in connectivity are related to attitude change. I 
hypothesize that activation of and connectivity between regions involved in self-processing 
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should increase from pre-choice to post-choice, and this change in connectivity should predict 
choice-related attitude change.  
Chapter 4 expands upon the first two papers by examining whether multivariate patterns 
of activation in regions involved in self-processing, mentalizing, or reward processing represent 
information about the choice options (Question #1). In Chapter 4, I also examine whether these 
representations change from pre-choice to post-choice, and whether there are cultural differences 
in neural representations of choice information (Question #5). I hypothesize that self-processing 
regions should be more strongly involved in representing choice information for European 
Americans, whereas mentalizing regions should be more strongly involved in representing 
choice information for East Asians.  
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CHAPTER II 
Neural processes underlying decision-making and attitude change 
Introduction 
How do people make difficult choices when the options are seemingly equal? And how 
does this decision process influence subsequent attitudes towards the choice options? 
Researchers in the social sciences have shown that, after people make a difficult choice between 
two equally preferred choice options, they will increase their preference for the chosen option 
and decrease their preference for the rejected option (Brehm, 1956). Recent neuroscientific 
evidence suggests that this attitude change process might occur during the choice itself, and may 
facilitate the decision-making process (Jarcho et al., 2011; Kitayama et al., 2013; Kitayama & 
Tompson, 2015). However, the vast majority of this research focuses on a very narrow breadth of 
choices and social contexts—namely, consumer choices made for the self by European 
Americans. It is therefore unclear whether these same processes might extend to other types of 
choices (e.g., choices for close others) and other social contexts (e.g., choices made by people 
from different cultures). In order to fully understand how neural processes contribute to decision-
making and attitude change, it is also necessary to identify the conditions under which these 
processes are more or less likely to be involved. The current research extends earlier work by 
examining what brain regions are recruited when European Americans and East Asians make 
difficult choices and how these neural processes influence choice-related attitude change.
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Additionally, this work examines whether these neural processes differ when making choices for 
the self or a close friend. In doing so, this work addresses questions about the generalizability of 
previous work to other types of choices and social contexts, as well as enables us to better 
understand how people from different cultures make choices. 
The Relationship between Choice and Attitudes 
Early work on decision-making and attitude change measured attitudes towards choice 
options both before and after participants made a choice between two similarly preferred options. 
This work established that attitudes towards the option that was chosen increased from the pre-
choice rating period to the post-choice rating period, whereas attitudes towards the rejected 
option decreased (called spreading of alternatives [SoA]; Brehm, 1956). Subsequent work has 
argued that SoA is motivated by a drive to reduce negative affect associated with conflict 
between the two choice options. For example, individuals who have taken a pain reliever show 
reduced choice-related attitude change, suggesting that pain associated with making a difficult 
choice is involved in choice-related attitude change (DeWall et al., 2015). 
How Do People Make Difficult Choices? 
One interesting omission from the above theorizing about the relationship between choice 
and attitude change concerns how the choice itself is made. Most theories postulate that some 
combination of self-evaluation and motivation to reduce negative arousal lead individuals to shift 
their attitudes once the choice has been made (Aronson, 1969; Steele, 1988). However, none of 
these studies explain how individuals come to the original choice. That is, if participants truly 
prefer both choice options equally, how do they make the choice? Our recently proposed 
biosocial model of affective decision-making outlines the neural processes that might facilitate 
difficult choices between two equally preferred options and in the process lead to shifts in 
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attitudes towards the choice options (Kitayama & Tompson, 2015). The biosocial model 
distinguishes between two levels of processing. The first, more affective component occurs while 
the choice is being made, whereas the second, more cognitive component of the biosocial model 
occurs after the choice and serves to reinforce the choice. The current study focuses on the initial 
affective component.  
When presented with two equally attractive options to choose between, individuals 
initially experience negative affect and conflict over which option to choose (i.e, dissonance). 
Recent work in neuroimaging has identified the dorsal anterior cingulate cortex (dACC) and 
anterior insula (aINS) as being involved in conflict detection (Shenhav et al., 2014), feelings of 
physical and social pain (Eisenberger & Lieberman, 2004), and feelings of disappointment and 
regret (Chua et al., 2009). Moreover, Kitayama and colleagues (2013) found greater in-choice 
activation in these two areas when participants make difficult (as compared to easy) choices. 
Although these regions are by no means exclusively involved in conflict detection and negative 
arousal, this evidence does support the hypothesis that difficult choices lead to greater 
dissonance. 
Once a difficult choice arouses dissonance (and dACC and aINS are activated), the 
chooser will be motivated to reduce this negative arousal. One way to reduce choice-related 
dissonance is to identify positive incentives that are unique to one of the available choice options 
(Kitayama & Tompson, 2015). Through this process, the individual develops more positive 
attitudes towards one option than the other, which is reflected in reward processing in ventral 
striatum (Jarcho et al., 2011; Kitayama et al., 2013; Kitayama & Tompson, 2015). 
One limitation of the above research is that it has focused almost exclusively on one type 
of choice—namely consumer choices made for the self. Although this form of choice is common 
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and prevalent, choices may also be made where the self is not the primary target of the choice. 
For example, one may choose a gift for someone important. Research on cognitive dissonance 
has found that individuals also display choice-related attitude change for choices made for close 
others (Hoshino-Browne et al., 2005; Kimel, Grossmann, & Kitayama, 2012) and individuals can 
experience vicarious conflict and discomfort when they witness someone else engage in attitude-
inconsistent behaviors (Cooper & Hogg, 2007; Norton, Monin, Cooper, & Hogg, 2003). Thus, 
there is some evidence that cognitive dissonance and choice-related attitude change might extend 
to difficult choices made for a close other, with the same neural processes involved for choices 
made when the self is not the primary target of the choice. However, seemingly identical 
behavioral outcomes can often result from potentially different underlying psychological or 
neural processes (Amodio, 2010; Lieberman, 2010), and it therefore also remains possible that 
the strength of these underlying factors differs as a function of choice type or social context. So it 
remains an open question whether the neural processes outlined in the biosocial model and 
identified in previous research extend to other types of choices. 
Choice Target 
 There are a few studies that have examined brain regions involved in making a decision 
for someone other than the self. These studies have consistently found both similarities and 
differences in the brain regions recruited for choices made for the self and choices made for 
someone else (Hare et al., 2010; Janowski et al., 2013; Jung et al., 2013; Zaki et al., 2014). 
Regions involved in processing reward, including ventromedial prefrontal cortex (vmPFC) and 
ventral striatum (vSTR), track both subjective value to the chooser as well as others’ preferences 
(Janowski et al., 2013; Zaki et al., 2014). This suggests that neural circuits identified as being 
involved in making choices for the self may also be recruited when making choices for someone 
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else. Other research has noted dissociations between choices made for the self and choices made 
for someone else, such that people are more likely to recruit brain regions involved in 
mentalizing or taking another person’s perspective (Hare et al., 2010; Janowski et al., 2013; Jung 
et al., 2013). Importantly, most of these studies involve decisions whether to gamble for a 
stranger (i.e., bet a stranger’s money) and did not examine these processes for more ecologically 
valid choices (e.g., whether to buy a product as a gift for a friend). Moreover, none of these 
studies examined neural activation across cultures, nor did they test attitude change to see 
whether neural activation for self and friend choices might relate to attitude change for chosen 
and rejected options. 
Culture and Choice 
Recent research has also found that culture influences activation of the same mentalizing 
regions implicated in making choices for others. Specifically, people from collectivistic cultures 
such as Japan (who view the self as interdependent and fundamentally intertwined with others; 
Markus & Kitayama, 1991) are more likely to recruit mentalizing brain regions such as dorsal 
medial prefrontal cortex (dmPFC) and TPJ when making social judgments such as inferring the 
mental states of others or thinking about the self (Han & Ma, 2014; Ma et al., 2012). By contrast, 
people from individualistic cultures such as the United States (who view the self as independent, 
autonomous, and distinct from others; Markus & Kitayama) are more likely to recruit brain 
regions involved in thinking about and evaluating the self, such as ventral medial prefrontal 
cortex (vmPFC) when making the same types of social judgments (Han & Ma, 2014; Ma et al., 
2012). Moreover, people from individualistic cultures are more likely to view choice as an 
opportunity to express one’s preferences, attitudes, and other self-relevant features (Kim & 
Sherman, 2007) and shift their attitudes more when making personal choices for themselves 
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(Hoshino-Browne et al., 2005), whereas people from collectivistic cultures are more likely to 
shift their attitudes when making social choices for close others (Hoshino-Browne et al., 2005). 
Based on this previous research, I expect that people from collectivistic cultures should 
be more likely to recruit mentalizing regions when making a choice for a close other, whereas 
people from individualistic cultures should be more likely to recruit brain regions involved in 
thinking about the self when making a choice for a close other. To date, no research has directly 
tested whether cultures differ in the degree to which they recruit mentalizing and self-related 
brain regions when making decisions. Moreover, none of these studies have examined what brain 
regions might be involved in promoting choice-related attitude change. 
Present Research 
The current study has four primary aims.  
Recent work has raised concerns over the reliability and replicability of fMRI research, 
suggesting that many previous findings could be false positives (Barch & Yarkoni, 2013; de la 
Vega, Chang, Banich, Wager, & Yarkoni, 2016). Thus, the first aim of this study was to replicate 
Kitayama and colleague’s work on the brain regions involved in making difficult choices. I 
hypothesize that brain regions involved in detecting cognitive conflict and negative arousal 
should be recruited when making difficult (versus easy) choices.  
The second aim was to replicate Kitayama and colleague’s work on the brain regions 
associated with attitude change. I hypothesize that attitude change should be associated with 
activation in vSTR and PCC. 
The third aim was to investigate whether recruitment of these regions is moderated by choice 
target, and the fourth aim was to investigate whether recruitment of these regions is moderated 
by culture. I hypothesize that there should be common, overlapping neural processes that are 
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shared by self and friend choices made by European Americans and East Asians as well as 
dissociable neural processes that are distinct to self versus friend choices and choices made by 
European Americans versus East Asians. Specifically, activation in vSTR and PCC should 
predict attitude change for European Americans. To the extent that the mechanisms proposed in 
the biosocial model extend to East Asians, the same effects should be present for East Asians. 
Additionally, I hypothesize that both European Americans and East Asians should recruit brain 
regions involved in detecting cognitive conflict and negative arousal when making difficult 
choices. Moreover, European Americans should be more likely to recruit brain regions involved 
in thinking about the self, whereas East Asians should be more likely to recruit brain regions 
involved in mentalizing.  
Method 
Participants 
One-hundred nine undergraduates at the University of Michigan participated in the 
experiment1. Fourteen participants were excluded due to data quality issues (two due to 
excessive head motion, four due to missing responses to greater than 25% of trials, four due to 
brain artifacts, and four due to scanner issues). Analysis was performed on the remaining 95 
participants (50 European Americans [32 females and 18 males], 45 East Asians [28 females and 
17 males]). All participants had normal or corrected-to-normal vision and had no history of head 
injury or psychiatric illness.  Participants received $60 as well as one of the posters they chose 
for themselves and one of the posters they chose for their friend (to give as a gift to their friend). 
All participants gave written consent and the Institutional Review Board at the University of 
Michigan approved the procedure. 
                                                
1 These participants were recruited as part of a larger study of cross-cultural variations (n=635). 
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Stimuli 
 Participants were presented with images of posters taken from AllPosters.com’s most 
popular posters lists (top lists of Art, Nature, Movies, Music, Celebrities, and Sports posters) and 
pretested to be equally liked by European American and East Asian college students.  
Procedure 
Participants completed three tasks while having their brain activity measured in an fMRI 
scanner. Employing a similar paradigm as past fMRI work on choice-related attitude change 
(Jarcho et al., 2011; Kitayama et al., 2013; Sharot, De Martino, & Dolan, 2009), participants first 
completed a pre-choice rating task, followed by a choice task, and finally they completed the 
post-choice rating task (see Figure II.1 for details). In the pre-choice rating task, participants 
were presented with a set of 72 posters to evaluate for themselves and a different set of 72 
posters to evaluate for their friend. Posters were presented one at a time and for each poster 
participants were instructed to either rate how much they like the poster or rate how much their 
friend would like the poster on a 5-point scale (1=least likeable, 5=most likeable). Assignment of 
the two sets of 72 posters to the self and friend conditions were counterbalanced such that half of 
the participants evaluated Set A for the self and Set B for the friend and the other half were given 
the opposite. Trials were pseudo-randomized such that participants saw between 2-6 trials of a 
given trial type (i.e., choice for the self vs. choice for the friend) in a row to reduce frame-
switching burden. I also included a cue (jittered presentation between 1 and 4 sec, M=1.875, 
SD=1.064) prior to each trial indicating whether the next trial would be a self trial or friend trial.  
In the choice task, participants were presented with pairs of posters and selected one 
poster from each pair. For half of the pairs participants selected the poster that they wanted (i.e., 
self choices), and for the other half they selected a poster for their friend (i.e., friend choices). 
20 
Because I was primarily interested in neural activation involved in making difficult choices that 
are more likely to elicit negative arousal, conflict, and choice-related attitude change, I used an 
algorithm to pair posters together such that each participant made 30 “difficult-self” choices, 30 
“difficult-friend” choices, 6 “easy-self” choices, and 6 “easy-friend” choices.   First, 12 posters 
from the self condition were paired together such that each pair of posters were rated in the pre-
choice rating task at least 2 apart in the self condition (e.g., the participant rated one poster a “4” 
and the other poster a “2”). Next, the remaining 60 posters from the self condition were paired 
together into 30 pairs of posters such that each pair of posters were rated nearly identical in the 
pre-choice rating task (e.g., the participant rated both posters a “4” or rated one poster a “4” and 
the other poster a “3”). This pairing procedure was then repeated for the posters in the friend 
condition (i.e., posters where the participant rated how much their friend liked the poster). The 
choice task also included a pseudo-randomized trial order such that participants saw between 2-6 
trials of a given trial type. I also included a cue (jittered presentation between 1 and 4 sec, 
M=1.875, SD=1.064) prior to each trial indicating whether the next trial would be a self trial or 
friend trial. It was explained that one of the 36 posters chosen by the participant for themselves 
would be randomly selected and given to the participant at the end of the session and one of the 
36 posters chosen for the friend would also be randomly selected and the participant could give 
the poster to their friend as a gift; so the choices were incentive compatible with real values. 
Finally, in the post-choice rating task, participants repeated the rating task described above for 
the pre-choice rating task. 
Behavioral Analyses 
 In order to examine attitude change from pre-choice to post-choice, I first computed three 
change scores. Previous research has identified that individuals typically increase their 
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preference for the chosen option and decrease their preference for the rejected option as a 
function of making a choice. Change in preference for the chosen option and change in 
preference for the rejected option were computed as the post-choice rating minus the pre-choice 
rating, such that positive values indicate an increase in preference and negative values indicate a 
decrease in preference. Spreading of Alternatives (SoA) is computed as the change in chosen 
options minus the change in rejected options in each choice pair. I then computed the average 
SoA score, average change for chosen options, and average change for rejected options for each 
subject and each condition (difficult self, difficult friend, easy self, and easy friend). 
 Using the average attitude change scores, I first tested whether there was an overall 
attitude change difference for difficult and easy choices. I next conducted a mixed ANOVA to 
test whether culture (between-subjects factor) or choice target (within-subjects factor) influenced 
attitude change for difficult choices. I also examined whether attitude change was significant for 
European Americans and East Asians separately, and whether there was significant attitude 
change for difficult self and difficult friend choices separately. 
fMRI Data Acquisition 
Scanning was performed using a Philips 3 Tesla MRI scanner (Phillips Medical Systems, 
Andover, Massachusetts). T2*-weighted echo planar gradient-recall echo volumes (echo 
time=30ms, repetition time=2000ms, 64x64 matrix, flip angle=90 degree, field of view=220mm, 
42 contiguous 3mm axial slices per volume), were acquired for each task. Five additional 
volumes were discarded at the beginning of each run to allow for stabilization of the MRI signal. 
The pre-choice and post-choice rating tasks were each split into three runs (each lasting six 
minutes and twelve seconds) and the choice task was split into two runs (each lasting 5 minutes 
and twelve seconds).  A high-resolution T1-weighted structural image (echo time=4.6ms, 
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repetition time=9.8ms, 256x200 matrix, flip angle=8 degrees, field of view=256x256x180 (mm), 
180 contiguous 1mm sagittal slices per volume) was also obtained to provide for more precise 
anatomical localization.  
Functional MRI data analysis 
 Preprocessing of data was completed using SPM8 (Wellcome Department of Cognitive 
Neurology, London, UK). Functional volumes were slice time corrected to account for temporal 
differences in slice acquisition time, realigned to correct for head motion, and spatially 
normalized to a standard template based upon the Montreal Neurological Institute (MNI) 
reference brain using VBM8 toolbox and DARTEL high dimensional warping, and spatially 
smoothed using a 5-mm Gaussian kernel. Runs were excluded from analysis if their head motion 
exceeded 3mm maximum Euclidean displacement during the run, and participants were excluded 
from analysis if greater than 50% of their runs had excessive head motion. 
 I conducted three primary analyses to examine neural activation during difficult choices. 
First, I examined whether neural activation during difficult choices might predict subsequent 
attitude change. Second, I examined whether any brain regions are more strongly recruited when 
people make difficult (versus easy) choices, collapsing across self and friend choices. Third, I 
compared neural activation for difficult-self choices with activation during difficult-friend 
choices, to examine whether the target of the choice (self versus friend) influences neural 
activation involved in making difficult choices. For all analyses, single-subject analysis were 
performed using standard GLM analysis (Worsley, Evans, Marrett, & Neelin, 1992; Worsley, 
Poline, Friston, & Evans, 1997) in SPM8, focusing on modeling neural activation during the 
choice task. 
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Analysis 1: Association with attitude change. The primary goals of Analysis 1 were to 
(i) replicate previous work by Kitayama et al. (2014) and Jarcho et al. (2011) and (ii) see whether 
these same patterns extend to friend choices and/or East Asian participants. This first analysis 
focused on the association between trial-by-trial neural activation and attitude change for chosen 
options during difficult choices and included regressors for each condition (difficult-self and 
difficult-friend), parametric regressors for the association with attitude change for each 
condition, and nuisance regressors consisting of the motion correction parameters and their 
derivatives from the realignment preprocessing step. First-level contrasts examined whether 
attitude change was correlated with trial-by-trial changes in neural activation in each condition 
within each subject, as well as whether the relationship between these measures and neural 
activation differs for difficult-self and difficult-friend trials. All first-level subject data was then 
entered into a second-level general linear model. In order to replicate Kitayama et al. and Jarcho 
et al., I first examined whether there were any clusters of activation associated with attitude 
change in PCC or vSTR. I defined anatomical ROIs within PCC and vSTR using the automated 
anatomical labeling in SPM8’s WFU PickAtlas toolbox (Maldjian, Laurienti, Kraft, & Burdette, 
2003) and identified clusters of activation within those regions that were significantly correlated 
with attitude change using a small-volume correction (p<.05). In order to minimize bias when 
subsequently examining effects of culture or choice target, these regions were identified 
analyzing all 95 subjects and collapsing across difficult-self and difficult-friend choices. 
I then conducted ROI analyses using the peak voxels identified in the initial small-
volume search in order to examine whether there are any differences in the association between 
vSTR and PCC and attitude change as a function of culture or choice target. I created spheres of 
5mm diameter around the voxel of maximum activation in each cluster using MarsBaR. I then 
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extracted betas in both difficult-self and difficult-friend trials (as well as overall average across 
all difficult trials) from each ROI and entered these extracted betas into two-sample t-tests 
comparing European Americans and East Asians to test for cultural differences in each ROI. 
Analysis 2: Difficult versus easy choices. The primary goals of Analysis 2 were to (i) 
identify brain regions associated with making difficult (versus easy) choices and (ii) see whether 
these same patterns are influenced by choice target or ethnicity. This second analysis focused on 
differences in neural activation for difficult versus easy choices and included regressors for each 
condition (difficult-self, difficult-friend, easy-self, easy-friend) and nuisance regressors 
consisting of the motion correction parameters and their derivatives from the realignment 
preprocessing step. First-level contrasts focused on differences in activation for difficult versus 
easy choices (collapsing across self and friend choices) as well as examining differences in 
activation for difficult-self versus easy-self and difficult-friend versus easy-friend choices 
separately. All first-level subject data was then entered into a second-level general linear model. 
In order to examine whether there are common brain regions underlying difficult-self and 
difficult-friend choices made by European Americans and East Asians, I first conducted an 
exploratory whole-brain analysis using an FDR-corrected p<.05 threshold.   
Using the regions identified in the whole-brain analysis, I then conducted a region-of-
interest (ROI) analysis to examine whether there are any differences in activation as a function of 
choice target or ethnicity. I created spheres of 5mm diameter around the voxel of maximum 
activation in each cluster, in each contrast using MarsBaR. I then extracted betas from each ROI 
and computed difference scores between difficult and easy choices. I then entered these 
difference scores into one-sample t-tests to test for differences as a function of choice difficulty. I 
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also entered the difference scores into two-sample t-tests comparing European Americans and 
East Asians to test for cultural differences in each ROI. 
Analysis 3: Self versus friend choices. The primary goals for Analysis 3 were to (i) 
identify brain regions preferentially recruited during self choices or friend choices and (ii) see 
whether these same patterns are influenced by ethnicity. This third analysis focused on 
differences in neural activation for self versus friend choices and included regressors for each 
condition (difficult-self, difficult-friend, easy-self, easy-friend) and nuisance regressors 
consisting of the motion correction parameters and their derivatives from the realignment 
preprocessing step. First-level contrasts focused on differences in activation for difficult-self 
versus difficult-friend trials. All first-level subject data was then entered into a second-level 
general linear model. In order to examine whether there are common brain regions underlying 
difficult-self and difficult-friend choices made by European Americans and East Asians, I first 
conducted an exploratory whole-brain analysis using an FDR-corrected p<.05 threshold.   
Using the regions identified in the whole-brain analysis, I then conducted region-of-
interest (ROI) to examine whether there are any differences in activation as a function of choice 
target or ethnicity. I created spheres of 5mm diameter around the voxel of maximum activation 
in each cluster, in each contrast using MarsBaR. I then extracted betas from each ROI and 
computed difference scores between self and friend choices. I then entered these difference 
scores into one-sample t-tests to test for differences as a function of choice target. I also entered 
the difference scores into two-sample t-tests comparing European Americans and East Asians to 
test for cultural differences in each ROI. 
Results 
Behavioral Results 
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I first examined changes in behavioral ratings of the choice options. When I examined 
attitude change across all 95 participants and choice types, I found that SoA (t(94)= 22.89, 
p<.001), increase in preference for chosen options (t(94)= 16.74, p<.001), and decrease in 
preference for rejected options  (t(94)= 16.93, p<.001) were all significantly greater for difficult 
than easy choices (see Figure II.2). For difficult choices, there was a significant SoA 
(t(94)=26.85, p<.001). This was due to a significant increase in preference for chosen options 
from pre-choice (M= 2.89, SD= 0.52) to post-choice (M= 3.10, SD= 0.54; t(94)= 10.02, p< 
.001), whereas preference for rejected options decreased from pre-choice (M= 2.84, SD= 0.52) to 
post-choice (M= 2.57, SD= 0.53; t(94)= -13.09, p< .001). For easy choices, there was actually a 
negative SoA (t(94)= -12.76, p<.001), due to a decrease in preference for chosen options from 
pre-choice (M= 4.76, SD= 0.41) to post-choice (M= 4.50, SD= 0.47; t(94)= -9.34, p< .001) and 
an increase in preference for rejected options from pre-choice (M= 1.23, SD= 0.50) to post-
choice (M= 1.47, SD= 0.52; t(94)= 9.72, p< .001), although this effect appears to be primarily 
driven by ceiling and floor effects, respectively2.  
I next examined whether attitude change differed as a function of culture or choice target. 
SoA was not influenced by choice target (self versus friend; F(1,93) = 1.84, p = .178), culture 
(European American versus East Asian; F(1,93) = 0.31, p = .579) or the interaction between 
choice target and culture (F(1,93) = 0.38, p = .540). I also examined attitude change separately 
for difficult self and difficult friend choices. SoA was significant for difficult self choices (t(94)= 
22.59, p<.001), and this was due to both significant increases in preferences for the chosen 
                                                
2 The average pre-choice ratings for the chosen and rejected options suggest that this change 
might be due to a ceiling and floor effect, such that if most pre-choice easy pairs consisted of 1s 
and 5s, random variation in the higher rated option (the 5) would lead to an average decrease in 
preference ratings whereas random variation in the lower rated option (the 1) would lead to an 
average increase in preference ratings. 
27 
options (t(94)= 8.16, p<.001) as well as significant decreases in preference for the rejected 
options (t(94)= 10.33, p<.001). SoA was also significant for difficult friend choices (t(94)= 
21.21, p<.001), and this was due to both significant increases in preferences for the chosen 
options (t(94)= 8.94, p<.001) as well as significant decreases in preference for the rejected 
options (t(94)= 12.46, p<.001).  
When breaking down the results by cultural group, it appears that this effect is robust for 
both European Americans and East Asians. Specifically, SoA was significant for European 
Americans making difficult self choices (M= 0.44, SD= 0.17; t(49)= 18.67, p< .001) and difficult 
friend choices (M= 0.49, SD= 0.22; t(49)= 16.17, p< .001), and this was due to significant 
increases in preferences for the chosen options (difficult self: t(49)= 10.01, p<.001; difficult 
friend: t(49)= 7.62, p<.001) as well as significant decreases in preference for the rejected options 
(difficult self: t(49)= 7.93, p<.001; difficult friend: t(49)= 10.05, p<.001). For East Asians, there 
was also significant SoA for difficult self choices (M= 0.48, SD= 0.23; t(44)= 14.07, p< .001) 
and difficult friend choices (M= 0.50, SD= 0.24; t(44)= 13.755, p< .001), and this was due to 
significant increases in preferences for the chosen options (difficult self: t(44)= 3.90, p<.001; 
difficult friend: t(44)= 5.41, p<.001) as well as significant decreases in preference for the 
rejected options (difficult self: t(44)= 7.11, p<.001; difficult friend: t(44)= 7.68, p<.001).  
fMRI Results 
I conducted three sets of fMRI analyses. First, I examined whether neural activation 
during difficult choices might predict subsequent attitude change. Second, I compared neural 
activation for difficult-self and difficult-friend choices (relative to easy-self and easy-friend 
choices) to examine whether any brain regions are more strongly recruited when people make 
difficult (versus easy) choices. Third, I compared neural activation for difficult-self choices with 
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activation during difficult-friend choices, to examine whether the target of the choice (self versus 
friend) influences neural activation involved in making difficult choices. 
Analysis 1: Association with attitude change. I first tested whether neural activation 
during difficult choices was correlated with attitude change. To replicate previous work (Jarcho 
et al., 2011; Kitayama et al., 2013), I ran a small-volume corrected (p<.05) search for clusters of 
activation in vSTR and PCC, examining the association between attitude change and neural 
activation across all 95 subjects making both difficult-self and difficult-friend choices. 
Consistent with past work, there was an overall effect such that attitude change for the chosen 
options was positively correlated with activation in left vSTR (coordinates=[-9,17,-8], t=2.80, 
k=23) and PCC (coordinates=[3,-40,13], t=3.73, k=229; see Figure II.2). 
Using the peak voxels identified above, I then conducted an ROI analysis to examine 
whether there were any cultural differences in the association between neural activation and 
attitude change. When collapsing across difficult-self and difficult-friend trials, the association 
between vSTR activation and attitude change was greater for European Americans than East 
Asians, although this effect was only marginally significant (see Table II.1 for statistics). The 
overall association between neural activation in vSTR and attitude change appears to be 
primarily driven by European Americans, such that European Americans show a significant 
association between vSTR and attitude change for both difficult-self (see Table II.1 and Figure 
II.3) and difficult-friend choices, whereas East Asians do not show a significant association 
between vSTR activation and attitude change in difficult-self or difficult-friend choices. There 
were also no significant differences in the association between vSTR and attitude change as a 
function of choice target. 
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There were no significant differences between European Americans and East Asians in 
the association between PCC activation and attitude change (see Table II.1 for statistics). There 
was a significant overall association between neural activation in PCC (across both difficult-self 
and difficult-friend trials) and attitude change for European Americans and a marginally 
significant association for East Asians (see Table II.1 and Figure II.3). This appears to be 
primarily driven by difficult-friend choices, such that both European Americans and East Asians 
show significant relationship between PCC activation and attitude change for difficult-friend 
choices. European Americans showed a similar trend for difficult-self choices, but this effect was 
not statistically significant. There were also no significant differences in the association between 
PCC activation and attitude change as a function of choice target for European Americans. For 
East Asians, the association between PCC activation and attitude change was significantly 
stronger for difficult-friend choices than difficult-self choices. 
 Analysis 2: Neural activation during difficult choices. Next, I examined what brain 
regions are recruited when European Americans and East Asians make difficult choices for the 
self and a close friend. When I examined neural activation across all 95 participants and choice 
types, I found that dACC, left aINS, and right aINS were all recruited more during difficult 
choices than during easy choices (FDR-corrected p<.05; see Figure II.4). Additional regions 
recruited more during difficult (versus easy) choices include visual cortex, fusiform, 
parahippocampal gyrus, all of which are involved in attention and object processing (see Table 
II.2). I next extracted average activation from the three primary functional ROIs (left aINS, and 
right aINS, posterior MFC, and dACC) and examined whether activation in these regions 
differed as a function of culture or choice target (see Figure II.5). There were no main effects of 
culture or choice target, nor an interaction between the two for any of the functional ROIs. In 
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fact, recruitment of these three regions appears to be robust across both self choices and friend 
choices, such that European Americans and East Asians show greater activation in dACC and 
aINS for difficult-self than easy-self choices, as well as for difficult-friend than easy-friend 
choices (see Table II.3 for summary). 
 Analysis 3: Comparison of self and friend choices. Finally, I examined how neural 
activation during difficult choices might differ for self and friend choices. When examining 
patterns of activation that are greater for self than friend choices, object processing regions 
including fusiform and parahippocampal gyrus as well as executive control regions including 
right dorsolateral prefrontal cortex (dlPFC) were recruited more for self than friend choices 
(FDR-corrected p<.05; see Table II.4 and Figure II.6). Using functional ROI analyses, I then 
examined activation in these ROIs for each cultural group separately. Both European Americans 
and East Asians showed greater activation of fusiform and parahippocampal gyrus for self 
choices than friend choices, although this effect appears to be slightly stronger in European 
Americans (see Table II.5 and Figure II.7). 
 When examining patterns of activation that are greater for friend than self choices, brain 
regions including precuneus, PCC, TPJ, and temporal pole were significantly more active for 
friend than self choices (FDR-corrected p<.05; see Table II.6 and Figure II.8). Using functional 
ROI analysis to further interrogate the data, there was not a significant difference in the degree to 
which East Asians and European Americans recruit precuneus, PCC, TPJ, and temporal pole 
when making choices for the friend (versus self), although the difference between friend and self 
appears to be slightly stronger for East Asians (see Table II.7 and Figure II.9).   
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Discussion 
This research shows that in-choice activation of vSTR and PCC predicts choice-related 
attitude change. While the overall relationships between vSTR and PCC activation and attitude 
change appear to be robust when collapsing across cultural groups and choice types, further 
exploration suggests some potential boundary conditions to this overall effect. For vSTR, there is 
a stronger association between vSTR activation and attitude change for European Americans 
than East Asians, although this effect is only marginally significant. Interestingly, the association 
between PCC activation and attitude change appears to be stronger for friend choices for both 
European Americans and East Asians, although the difference is only significant for East Asians.   
Despite these apparent differences in brain regions involved in attitude change, both 
cultural groups appear to recruit similar brain regions when making difficult choices for the self 
and a close friend. dACC, aINS, parahippocampal gyrus, fusiform gyrus, and dlPFC are recruited 
more during difficult (versus easy) choices, regardless of cultural background or choice target. 
Furthermore, PCC and TPJ are recruited more during difficult choices for a close friend (versus 
difficult-self choices). Recruitment of PCC and TPJ during difficult-friend choices appears to be 
primarily driven by East Asians, although the direct cultural comparison was not statistically 
significant. 
Culture and Attitude Change 
 The current work is the first to directly compare neural activation involved in choice-
related attitude change for people from different cultures. Previous work on the effect of choice 
on attitudes suggests that people from East Asian cultures should be more likely to justify social 
choices by increasing their positive attitudes towards chosen options and decreasing their 
attitudes towards rejected options and less likely to justify personal choices (compared to 
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European Americans; Hoshino-Browne et al., 2005; Kitayama, Snibbe, Markus, & Suzuki, 
2004). Based on this behavioral finding, previous researchers have inferred that Americans must 
experience more dissonance for personal choices than Asians, whereas Asians must experience 
more dissonance for social choices than Americans. Interestingly, in the current work European 
Americans and East Asians show similar degrees of dissonance (measured by dACC and aINS 
activation), but differ in the brain regions that predict attitude change.  
 In the current study, I replicate earlier work showing that activation of vSTR and PCC 
predict choice-related attitude change. For vSTR, European Americans show a significant 
positive association between attitude change and neural activation for both self and friend 
choices. vSTR is involved in processing and updating subjective value of choice options (Bartra, 
McGuire, & Kable, 2013; Knutson, Rick, Wimmer, Prelec, & Loewenstein, 2007; Knutson et al., 
2005), and therefore European Americans appear to be increasing their preference for the chosen 
option by updating reward value in the brain. Interestingly, this effect extends to choices made 
for a close friend, suggesting that European Americans update their own subjective valuation of 
the choice options even when making a choice for a close other. 
PCC, on the other hand, predicted attitude change for both European Americans and East 
Asians. Interestingly, in this case the effect appears to be primarily driven by friend choices. 
Both European Americans and East Asians show a significant positive association between PCC 
activation and attitude change for friend choices but not for self choices (although there is a 
slight trend for European Americans). While this finding was somewhat unexpected, average 
PCC activation was also significantly greater for difficult-friend than for difficult-self choices for 
both European Americans and East Asians. PCC is involved in recalling autobiographical 
memories (Qin et al., 2012; Sajonz et al., 2010; van der Meer et al., 2010) and some theorists 
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have argued that it may integrate autobiographical memories into social judgments about the self 
as well as close others (van der Meer et al., 2010). Thus, one interpretation of these findings is 
that both European Americans and East Asians are thinking about past experiences associated 
with the close friend, and the more these memories are recruited the greater the subsequent 
attitude change. Previous theorists have argued that attitude change is stronger when choices are 
self-relevant (Aronson, 1969; Steele, 1988) and therefore friend choices that recruit more self-
relevant cognitions or memories should lead to greater attitude change. However, this same logic 
could be extended to self choices as well, and it is therefore somewhat surprising that there was 
not a significant association between PCC and attitude change for self choices. It is possible that 
choices made for the self are evaluated more in terms of personal preferences and less in terms of 
direct connections to past experiences, in which case I would anticipate that PCC activation is 
weaker for self choices and should be less linked to attitude change. 
Common brain regions involved in making difficult choices 
Replicating prior work (Jarcho et al., 2011; Kitayama et al., 2013), I find that European 
Americans recruit brain regions involved in conflict detection, negative arousal, visual attention, 
and executive control when making difficult choices for the self. Moreover, these same brain 
regions are also recruited when European Americans make difficult friend choices and when 
East Asians make difficult choices for the self and a close friend. In fact, these regions were 
reliably recruited to similar degrees whenever individuals made a difficult (versus easy) choice, 
regardless of choice target or culture. This suggests that involvement of dACC, aINS, 
parahippocampal gyrus, fusiform gyrus, and dlPFC is robust across choice types and cultures. 
These regions are frequently recruited when individuals engage in effortful, task-related 
processing, and therefore these findings suggest that individuals are putting more cognitive effort 
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into evaluating choice options for difficult choies, regardless of their cultural background or who 
the choice target is. The recruitment of dACC and aINS during difficult choices is also consistent 
with cognitive dissonance theory and the biosocial model, which argue that people experience 
choice-related conflict as negatively arousing (Festinger, 1957; Kitayama & Tompson, 2015). 
Dissociations between self and friend choices 
Although there appear to be common brain regions involved in making difficult choices 
for both the self and a close friend, there are also some dissociations in the brain regions that are 
recruited for difficult self and friend choices. Specifically, people from both individualistic and 
collectivistic cultures are more likely to recruit brain regions involved in object processing and 
visual attention when making choices for the self, whereas they are more likely to recruit brain 
regions involved in autobiographical memory retrieval and mentalizing when making choices for 
a friend. This suggests that difficult choices made for the self are more likely to involve 
attending to physical features of the choice options and evaluating the objects, whereas difficult 
choices made for a close friend are more likely to involve taking the friends’ perspective and 
thinking about which options the friend might prefer. 
One might initially anticipate that autobiographical memories about the chooser’s past 
experiences should be recruited more for self choices than friend choices. However, it is possible 
that self choices are more about evaluating the object relative to one’s personal preferences, and 
don’t require introspection about one’s past experiences. By contrast, most individuals have not 
internalized their friend’s preferences, and thus choices made for a close friend require additional 
recruitment of information about the friend (including past experiences with the friend that may 
shed light on their preferences). 
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 There are some potentially interesting are subtle trend-level differences in how these 
brain regions are recruited by European Americans and East Asians for self versus friend choices 
(although it is important to note that these differences were not statistically significant). 
European Americans seem to show slightly greater activation of object processing and visual 
attention regions for self (versus friend) choices, whereas East Asians show reduced activation of 
these regions for self (versus friend) choices. This is consistent with behavioral work suggesting 
that European Americans are more concerned with making the best objective choice for the self, 
whereas East Asians are more likely to make holistic choices that consider multiple factors, such 
as opinions of close others (Savani, Cho, Sooyun, & Morris, 2014). 
 When focusing on the functional ROI analyses, it does appear that European Americans 
recruit mentalizing regions when making friend (versus self) choices, although this activation is 
still reduced compared to East Asians. This is consistent with a recent meta-analysis, which 
found that East Asians are more likely than Westerners to recruit mentalizing regions when 
making social judgments (Han & Ma, 2014) and suggests that East Asians may be taking the 
perspective of their friends more when making choices for their friend. European Americans 
seem to be considering their friends’ perspective as well, although potentially less than East 
Asians. 
 One important caveat is that many of these differences are qualitative—I find a 
significant effect for one group but not the other, but the direct cultural comparison is marginally 
significant or non-significant. The effect sizes of the cultural differences in our study are 
predominantly in the 0.15 to 0.30 range and always trend in the same direction, suggesting that 
there is a reliable, albeit small, effect of culture on neural activation. The fact that these results 
are consistent with past work on social and non-social judgments (Han & Ma, 2014) supports our 
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conclusion that these effects are real (but small). It is also possible that these effects might be 
larger if East Asian participants were tested in East Asia; all East Asian participants in this study 
had spent fewer than 7 years in the United States, but it is still possible that the East Asian 
participants had become acculturated and adjusted to American culture. 
Conclusion 
In summary, the current study examines how European Americans and East Asians make 
difficult choices for the self and a close friend. I find that brain regions involved in reward 
processing facilitate choice-related attitude change for European Americans making choices for 
themselves and a close friend, but not East Asians. Moreover, brain regions involved in effortful 
processing, conflict detection, and negative arousal underlie difficult choices regardless of 
culture or choice type, whereas brain regions involved in object processing are preferentially 
involved for self choices and brain regions involved in autobiographical memory and 
mentalizing are preferentially involved for friend choices. This research advances our 
understanding of how people make difficult choices and boundary conditions influencing the 
brain regions involved in decision-making and choice-related attitude change.
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Table II.1. Functional ROI results for brain regions correlated with attitude change.  
  Mean (SD) t-statistic df p-value 
Correlation with Attitude Change for All Subjects 
   Left Ventral Striatum (vSTR) 
    All Choices 0.04 (0.17) 2.41 94 .018 
Self Choices 0.05 (0.23) 2.32 94 .023 
Friend Choices 0.03 (0.23) 1.34 94 .183 
Self versus Friend 0.02 (0.30) 0.71 94 .478 
Posterior Cingulate Cortex (PCC)     
All Choices 0.08 (0.21) 3.53 94 <.001 
Self Choices 0.04 (0.30) 1.20 94 .231 
Friend Choices 0.12 (0.27) 4.22 94 <.001 
Self versus Friend 0.08 (0.38) 2.04 94 .045 
    
Correlation with Attitude Change for European Americans 
   Left Ventral Striatum (vSTR) 
    All Choices 0.07 (0.14) 3.77 49 <.001 
Self Choices 0.08 (0.21) 2.82 49 .007 
Friend Choices 0.07 (0.19) 2.44 49 .018 
Self versus Friend 0.02 (0.29) 0.42 49 .675 
Posterior Cingulate Cortex (PCC)     
All Choices 0.09 (0.20) 3.13 49 .003 
Self Choices 0.06 (0.27) 1.60 49 .115 
Friend Choices 0.11 (0.28) 2.78 49 .008 
Self versus Friend 0.05 (0.39) 0.90 49 .374 
 
    
Correlation with Attitude Change for East Asians     
Left Ventral Striatum (vSTR)     
All Choices 0.01 (0.20) 0.26 44 .798 
Self Choices 0.02 (0.24) 0.59 44 .559 
Friend Choices -0.01 (0.27) 0.15 44 .883 
Self versus Friend 0.03 (0.32) 0.58 44 .567 
Posterior Cingulate Cortex (PCC)     
All Choices 0.07 (0.23) 1.92 44 .061 
Self Choices 0.01 (0.33) 0.20 44 .842 
Friend Choices 0.12 (0.26) 3.21 44 .002 
Self versus Friend 0.11 (0.37) 2.05 44 .046 
 
    
Cultural Difference in Correlation with Attitude Change     
Left Ventral Striatum (vSTR)     
All Choices  1.86 77.47 .066 
Self Choices  1.32 87.01 .190 
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Friend Choices  1.49 78.71 .140 
Self versus Friend  0.17 88.99 0.869 
Posterior Cingulate Cortex (PCC)     
All Choices  0.46 86.73 .645 
Self Choices  0.83 85.43 .409 
Friend Choices  0.20 93.00 .844 
Self versus Friend  0.80 92.87 .426 
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Table II.2. Brain regions recruited significantly more for difficult than easy choices. 
Region Coordinates (x,y,z) Parameter Estimates Cluster Sizes 
Difficult > Easy (All Subjects)    
L Fusiform (-30,-52,-17) 11.30 7378 
     R Fusiform (30,-46,-17) 10.53  
     L Visual Cortex (-33,-85,16) 7.97  
     R Visual Cortex (30,-79,16) 7.93  
     L IFG (-33,32,-11) 5.58  
     L IFG (-39,26,19) 4.89  
     L aINS (-27,29,1) 4.84  
     R aINS (33,26,1) 3.94  
L pMFC (-6,17,46) 8.49 1463 
     L Precentral Gyrus (-30,-28,55) 8.26  
     L dACC (-6,26,34) 5.74  
R IFG (48,29,16) 6.21 89 
R pINS (-33,-19,19) 5.73 263 
L dmPFC (-6,56,28) 3.21 31 
    
Difficult > Easy (European American Only)    
L Fusiform (-27,-49,-14) 9.60 8063 
     R Fusiform (30,-52,-11) 8.71  
     L Visual Cortex (-33,-85,-13) 6.87  
     R Visual Cortex (33,-88,16) 6.46  
     L pINS (-42,-28,16) 5.96  
     R Putamen (21,-1,-8) 4.97  
     Thalamus (-9,-19,7) 4.86  
     L Putamen (-24,5,4) 4.82  
     L aINS (-33,17,7) 3.47  
     R aINS (33,26,1) 3.49  
L pMFC (-6,14,46) 8.37 1817 
     L Precentral Gyrus (-30,-25,55) 7.69  
     dACC (12,26,31) 6.20  
R IFG (48,29,16) 4.03 31 
R pINS (42,-4,13) 3.93 239 
L dmPFC (-15,32,46) 3.34 46 
L TP (-42,5,-35) 3.26 24 
R Precentral Gyrus (60,5,22) 3.24 124 
R Fusiform (33,-7,-35) 3.17 16 
L Caudate (-12,20,7) 2.69 7 
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Difficult > Easy (East Asian Only)    
L Fusiform (-33,-52,-17) 7.94 1580 
     L Visual Cortex (-33,-85,4) 5.99  
R Fusiform (30,-49,-17) 6.99 1466 
     R Visual Cortex (36,-76,25) 5.71  
L pMFC (-6,17,46) 4.86 100 
     L dACC (-9,26,37) 3.88  
R IFG (45,29,16) 4.85 84 
L Precentral Gyrus (-30,-28,55) 4.76 116 
L IFG (-36,11,28) 4.37 114 
L dmPFC (-15,35,46) 4.21 28 
L pINS (-33,-16,19) 4.12 17 
L IFG (-33,32,14) 3.57 30 
     L aINS (-27,26,1) 3.22  
R dACC (12,23,37) 3.51 7 
Thalamus (-15,-16,1) 3.36 14 
L dmPFC (-9,59,16) 3.35 8 
 
  
41 
Table II.3. Functional ROI results for Difficult > Easy contrast. 
  Mean (SD) t-statistic df p-value 
Difficult > Easy for European Americans 
    Left Anterior Insula (aINS) 
    Self 0.11 (0.36) 2.19 49.00 0.033 
Friend 0.10 (0.34) 2.04 49.00 0.047 
Right Anterior Insula (aINS) 
    Self 0.11 (0.43) 1.84 49.00 0.072 
Friend 0.19 (0.43) 3.09 49.00 0.003 
Posterior Medial Frontal Cortex (pMFC) 
    Self 0.32 (0.41) 5.53 49.00 <0.001 
Friend 0.23 (0.35) 4.63 49.00 <0.001 
Dorsal Anterior Cingulate Cortex (dACC) 
    Self 0.27 (0.48) 3.99 49.00 <0.001 
Friend 0.19 (0.47) 2.85 49.00 0.006 
     Difficult > Easy for East Asians 
    Left Anterior Insula (aINS) 
    Self 0.10 (0.34) 2.05 44.00 0.046 
Friend 0.08 (0.28) 1.86 44.00 0.070 
Right Anterior Insula (aINS) 
    Self 0.10 (0.49) 1.32 44.00 0.194 
Friend 0.07 (0.39) 1.23 44.00 0.226 
Posterior Medial Frontal Cortex (pMFC) 
    Self 0.27 (0.53) 3.36 44.00 0.002 
Friend 0.20 (0.44) 3.00 44.00 0.004 
Dorsal Anterior Cingulate Cortex (dACC) 
    Self 0.17 (0.54) 2.11 44.00 0.041 
Friend 0.12 (0.43) 1.85 44.00 0.071 
     Cultural Difference in Difficult > Easy contrast 
    Left Anterior Insula (aINS) 
    Self 
 
0.11 92.79 0.913 
Friend 
 
0.31 92.40 0.757 
Right Anterior Insula (aINS) 
    Self 
 
0.17 88.22 0.869 
Friend 
 
1.40 93.00 0.164 
Posterior Medial Frontal Cortex (pMFC) 
    Self 
 
0.53 82.18 0.599 
Friend 
 
0.36 83.42 0.718 
Dorsal Anterior Cingulate Cortex (dACC) 
    Self 
 
0.97 88.71 0.335 
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Friend   0.76 92.96 0.451 
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Table II.4. Brain regions recruited significantly more for self than friend choices 
 
Region Coordinates (x,y,z) Parameter Estimates Cluster Sizes 
Self > Friend (All Subjects) 
   R Fusiform (27,-52,-8) 5.37 112 
R paraHC (36,-25,-17) 3.98 10 
L paraHC (-24,-37,-11) 5.12 172 
     L Fusiform (-27,-58,-11) 5.05 
 r IFG (45,32,16) 4.55 38 
L Hippocampus (-21,-13,-20) 4.44 30 
L Visual Cortex (-33,-82,-25) 4.06 9 
R IPL (36,-61,46) 3.83 7 
R paraHC (30,-19,-23) 3.82 21 
    Self > Friend (European American Only) 
   No significant clusters at FDR-corrected p<.05 
   
    Self > Friend (Asian Only) 
   No significant clusters at FDR-corrected p<.05 
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Table II.5. Functional ROI results for Self > Friend contrast 
  Mean (SD) t-statistic df p-value 
Self > Friend for European Americans 
    Left Fusiform 0.12 (0.24) 3.44 49.00 0.001 
Right Fusiform 0.12 (0.22) 3.92 49.00 <0.001 
Left Parahippocampal Gyrus 0.12 (0.20) 4.46 49.00 <0.001 
Right Parahippocampal Gyrus 0.12 (0.21) 3.89 49.00 <0.001 
     Self > Friend for East Asians 
    Left Fusiform 0.12 (0.25) 3.34 44.00 0.002 
Right Fusiform 0.12 (0.26) 3.19 44.00 0.003 
Left Parahippocampal Gyrus 0.08 (0.19) 2.75 44.00 0.009 
Right Parahippocampal Gyrus 0.05 (0.20) 1.75 44.00 0.087 
     Cultural Difference in Self > Friend contrast 
    Left Fusiform 
 
0.11 91.49 0.913 
Right Fusiform 
 
0.08 85.87 0.938 
Left Parahippocampal Gyrus 
 
1.20 92.70 0.234 
Right Parahippocampal Gyrus   1.51 92.73 0.134 
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Table II.6. Brain regions recruited significantly more for friend than self choices. 
Region Coordinates (x,y,z) Parameter Estimates Cluster Sizes 
Friend > Self (All Subjects) 
   L PCC/Pcu (-3,-64,31) 6.92 434 
L TPJ (-45,-61,19) 5.61 159 
L dlPFC (-21,53,22) 4.16 89 
L TP (-60,-10,-14) 3.97 15 
L TPJ (-51,-31,25) 3.78 37 
L SPL (-21,-52,61) 3.62 27 
R TPJ (54,-28,28) 3.51 20 
    Friend > Self (European American Only) 
   No significant clusters at FDR-corrected p<.05 
   
    Friend > Self (Asian Only) 
   L PCC/Pcu (-6,-61,28) 7.46 341 
L TPJ (-39,-58,16) 4.78 72 
L dmPFC (-6,62,-19) 4.88 32 
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Table II.7. Functional ROI results for Friend > Self contrast. 
  Mean (SD) t-statistic df p-value 
Friend > Self for European Americans 
    PCC/Pcu 0.18 (0.37) 3.36 49.00 0.024 
Left TPJ #1 0.10 (0.20) 3.40 49.00 0.001 
Left TPJ #2 0.06 (0.17) 2.26 49.00 0.028 
Left TP 0.09 (0.29) 2.25 49.00 0.029 
Right TPJ 0.09 (0.28) 2.33 49.00 0.024 
     Friend > Self for East Asians 
    PCC/Pcu 0.31 (0.32) 6.44 44.00 <0.001 
Left TPJ #1 0.15 (0.21) 4.64 44.00 <0.001 
Left TPJ #2 0.07 (0.17) 2.85 44.00 0.007 
Left TP 0.22 (0.52) 2.82 44.00 0.007 
Right TPJ 0.10 (0.28) 2.39 44.00 0.021 
     Cultural Difference in Friend > Self contrast 
    PCC/Pcu 
 
1.86 92.88 0.066 
Left TPJ #1 
 
1.19 90.53 0.237 
Left TPJ #2 
 
0.48 92.28 0.631 
Left TP 
 
1.46 66.81 0.150 
Right TPJ   0.13 91.92 0.894 
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Figure II.1. Participants completed three tasks during the fMRI scan. During the pre-choice 
rating task participant saw a 1-4 seconds jittered fixation screen, followed by a 1-4 seconds 
jittered cue screen indicating whether the next trial would be a self trial or friend trial, followed 
by a 4 second window where they were shown a poster and rated on a 5-point scale how much 
they liked the poster (for self trials) or how much their friend liked the poster (for friend trials). 
During the choice task participant saw a 1-4 seconds jittered fixation screen, followed by a 1-4 
seconds jittered cue screen indicating whether the next trial would be a self trial or friend trial, 
followed by a 5 second window where they were shown two posters and chose one of the two 
posters either for themselves or for their friend. Finally, participants completed the post-choice 
rating task which was identical to the pre-choice rating task. 
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Figure II.2. Brain regions correlated with attitude change for chosen options. Results displayed at 
small-volume corrected p<.05. 
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Figure II.3. Functional ROI results from brain regions correlated with attitude change for chosen 
options. 
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Figure II.4. Brain regions that are recruited significantly more for difficult than easy choices 
for European Americans and East Asians making choices for the self and a close friend. 
Results displayed at FDR-corrected p<.05. 
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Figure II.5. Functional ROI results from brain regions that were recruited more for difficult than 
easy choices. 
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Figure II.6. Brain regions that are recruited significantly more for self than friend choices 
for European Americans and East Asians. Results displayed at FDR-corrected p<.05. 
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Figure II.7. Functional ROI results from brain regions that were recruited more for self than 
friend choices. 
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Figure II.8. Brain regions that are recruited significantly more for friend than self choices for 
European Americans and East Asians. Results displayed at FDR-corrected p<.05. 
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Figure II.9. Functional ROI results from brain regions that were recruited more for friend than 
self choices. 
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CHAPTER III 
Connectivity between mPFC and PCC predicts post-choice attitude change 
Introduction  
When people make a choice, they often change their attitudes in a choice-consistent 
direction (Brehm, 1956; Steele, 1988). Specifically, they will increase their preference for the 
option they chose and decrease their preference for the option that they rejected. Although this 
effect of post-choice attitude change is well established and thought to justify the choice, exactly 
how it might occur is unclear (Chen & Risen, 2010; Eddie Harmon-Jones, Amodio, & Harmon-
Jones, 2009; Kitayama & Tompson, 2015; Steele, 1988).  
In the current work, I addressed this gap by using functional magnetic resonance imaging 
(fMRI) to examine the possibility that the decision maker justifies her choice by linking the 
choice to various aspects of self-knowledge. Although often discussed in social psychological 
analyses of choice justification (Aronson, 1969; Gawronski et al., 2007; Kitayama et al., 2004; 
Steele & Liu, 1983), this hypothesis is difficult to test with behavioral measures alone since these 
measures can only capture down-stream, often distal outcomes of the psychological mechanisms 
under discussion. By using fMRI, it may be possible to obtain more direct evidence for the self-
referential processing hypothesis. Motivated by a recent network-oriented thinking in the field 
(Poldrack, 2012; Rogers, Morgan, Newton, & Gore, 2007), I hypothesized that the post-choice 
attitude change should be tracked by the post-choice recruitment of self-relevant knowledge as
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indexed by the functional connectivity between putative self-processing areas (i.e., medial 
prefrontal cortex [mPFC] and posterior cingulate cortex/precuneus [PCC/Pcu]; (Denny et al., 
2012; Feyers, Collette, D’Argembeau, Majerus, & Salmon, 2010; Morel et al., 2014; Ries et al., 
2012; van der Meer et al., 2010).  
Post-Choice Attitude Change 
 In an attempt to understand the mechanisms underlying post-choice attitude change, it is 
important to consider a) what might happen during the choice and b) what might subsequently 
occur once the choice has been made. Researchers using behavioral measures have typically 
focused on the processes that occur once a choice has been made (post-choice processes), but 
recent work has begun to unpack how mechanisms during the choice might also contribute to 
post-choice attitude change (Jarcho et al., 2011; Kitayama et al., 2013).  Hence, I discuss the in-
choice mechanism first although the primary focus of the current work is in the post-choice 
mechanism. 
In-choice mechanism: search for positive incentives. Kitayama and Tompson 
(Kitayama et al., 2013; Kitayama & Tompson, 2015) have proposed that when making a choice, 
the decision maker will look for positive features in one of available choice options. These 
features would allow her to choose between the options. This hypothesis implies that before a 
choice is made, the decision maker may develop a new attitude toward one of the options and, 
moreover, this new attitude may enable her to choose that option. When the attitudes toward the 
relevant options are assessed at a later time, the chosen option will be liked more than the 
rejected option. Although this attitude change is assessed after the choice and, thus, is seen as 
mediated entirely by post-choice mechanisms, it may well take place, at least in part, before the 
choice has been made. 
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If the in-choice feature search is instrumental in fostering post-choice attitude change, 
one may expect that certain brain signals indicating the identification of positive features during 
the choice will predict a positive shift of the attitude toward the chosen option. Ventral striatum 
(vSTR) is a subcortical structure thought to track subjective value and reward (Bartra et al., 
2013) and has been shown to track changes in subjective value as a function of situational and 
contextual factors (Varnum, Shi, Chen, Qiu, & Han, 2014) and thus vSTR should be integral in 
facilitating the in-choice feature search and updating value of the various choice options to foster 
post-choice attitude change. In support of the in-choice feature search hypothesis, research 
consistently finds a trial-by-trial change in vSTR reliably tracks post-choice attitude change 
(Jarcho et al., 2011; Kitayama et al., 2013), suggesting that the decision maker chooses an option 
if during the choice he/she identifies positive features in it that activate the vSTR.3  
Post-choice mechanism: recruitment of self-knowledge. Although the in-choice 
feature search mechanism plays an important role in fostering the post-choice attitude change, it 
is unlikely that it is the only mechanism involved in this effect. In fact, even after having made a 
choice, the decision maker may continue to elaborate on information that is relevant to the 
choice. According to cognitive dissonance theory (Festinger, 1957) and subsequent elaborations 
of the theory (Aronson, 1969; Gawronski et al., 2007; Steele, 1988), the decision maker may do 
so in order to justify the choice. Consistent with these theories, I propose that the justification of 
a choice that has been made is accomplished through active recruitment of an assortment of 
                                                
3 Another finding that is consistently obtained in both studies concerns PCC/Pcu. A trial-by-trial 
change in the in-choice activation of this region also reliably tracked post-choice attitude change. 
As reviewed later in the paper, PCC/Pcu is often involved in self-referential processing. Hence, 
the activation of PCC/Pcu could suggest some self-processing was recruited to identify positive 
features in one of the options. In addition, Jarcho et al. identified several other regions (e.g., 
mPFC and IFG) as well. However, these regions were not replicated in the Kitayama et al. study. 
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cognitions that link the chosen option to the self. These cognitions may include: an image of the 
self as smart and as a good decision maker, autobiographic memories involving the chosen 
option, and/or future plans with it. These diverse self-referential cognitions will be linked and 
integrated to justify the choice. For example, the image of the self as a good decision maker 
might be tied to some memory of having enjoyed using the chosen object in the past and/or 
certain plans to use it on some special occasions in the future. It is this integrated representation 
of the chosen option that reinforces the value of the choice and, thus, justifies it. 
Our self-referential processing hypothesis of choice justification implies that when a 
chosen option is presented after the choice, this option will recruit the self-relevant cognitions 
that were generated during the post-choice processing of choice-relevant information, as well as 
the brain regions underlying these cognitions. Previous studies have found that the mPFC and 
PCC/Pcu are linked to self-referential processing (Chua et al., 2011; Denny et al., 2012; Northoff 
et al., 2006a; van der Meer et al., 2010). I therefore anticipate that these regions will be activated 
more by the chosen versus the rejected options when they are presented at a later point. 
The self-referential processing hypothesis offers another important prediction. The 
diverse self-cognitions that are recruited during the post-choice processing of the choice (e.g., 
self-images, episodes remembered, and plans made) are likely to be differentially represented in 
mPFC and PCC/Pcu. For example, numerous theorists have argued that abstract, trait-like 
representations of the self are likely to be represented predominantly in the mPFC region, 
whereas more episodic representations of the self might be relatively more dominant in the 
relative posterior regions of the brain including PCC/Pcu (P. Qin et al., 2012; Sajonz et al., 2010; 
van der Meer et al., 2010). Moreover, recent fMRI research has used psychophysiological 
interaction (PPI) analyses to investigate how task-dependent connectivity between brain regions 
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is involved in thinking about and evaluating the self. Researchers have found that connectivity 
between mPFC and PCC/Pcu is greater when people think about and evaluate the self than when 
thinking about and evaluating others (Feyers et al., 2010; Morel et al., 2014; Ries et al., 2012). 
mPFC-PCC connectivity is also greater when encoding self-referential information and predicts 
subsequent recall of self-referential information (Morel et al., 2014). Furthermore, mPFC-
PCC/Pcu connectivity is greater when evaluating whether trait words describe the self (self-
judgments) than when evaluating whether trait words are positive or negative (valence 
judgments; Feyers et al., 2010) and the strength of this connectivity is positively correlated with 
autobiographical memory accuracy (Ries et al., 2012). Thus, connectivity between mPFC and 
PCC/Pcu is thought to be involved in thinking about and evaluating the self as well as recalling 
self-relevant memories. 
The hypothesis that these self-cognitions are integrated to justify a choice therefore 
implies that there should be increases in the functional connectivity between mPFC and PCC/Pcu 
after the choice. Importantly, the self-referential processing hypothesis suggests that this 
integration of the diverse self-cognitions is instrumental in justifying the choice. As a result, I 
anticipate that increases in the functional connectivity between mPFC and PCC/Pcu should 
predict the post-choice (versus pre-choice) attitude toward the chosen option. The same might 
not apply to the rejected options, insofar as the decision maker is unlikely to devote much effort 
in linking the rejected options to self-knowledge. 
 Evidence for the self-referential processing hypothesis is currently scant. In addition to 
the two fMRI studies reviewed earlier (Jarcho et al., 2011; Kitayama et al., 2013), there are three 
additional fMRI studies on post-choice attitude change (Izuma et al., 2010; J. Qin et al., 2011; 
Sharot et al., 2009). These studies focused on neural activations during the pre- and post-choice 
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rating periods rather than in-choice activations. Given the self-referential processing hypothesis, 
the activation of mPFC and PCC/Pcu and the functional connectivity between the two regions 
should predict changes in attitudes towards the choice options. Thus far, only average activation 
has been tested. In two of the three relevant studies, hypothetical choices were used and, thus, the 
procedure was not incentive compatible with real values (Izuma et al., 2010; Sharot et al., 2009). 
It is likely that when the choice is hypothetical, it does not recruit any self-knowledge. It is 
therefore not surprising that these studies did not find any evidence for the self-referential 
processing hypothesis. The remaining study (J. Qin et al., 2011) used an incentive compatible 
procedure where participants received one of the music CDs they chose and found that the 
activation of both dorsal and ventral regions of the mPFC during the post-choice rating of chosen 
options predicts the post-choice attitude change for them. Importantly, none of the above studies 
tested functional connectivity during the pre-choice or post-choice rating tasks and it is therefore 
unclear whether functional connectivity might be involved in facilitating post-choice attitude 
change. 
Present Research 
Guided by the forgoing literature review, the current work tested implications of the self-
referential processing hypothesis by using data from the Kitayama et al. (2013) study that had 
not previously been analyzed. Unlike the Kitayama et al. (2013) study, which focused on in-
choice brain activation and tested whether this activation would track subsequent attitude change 
on a trial-by-trial basis, the current work utilized data on neural activation from both pre-choice 
and post-choice rating periods and tested between-subjects associations between measures of the 
recruitment of self-knowledge and post-choice attitude change.  
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I had three primary predictions. First, for the post-choice (versus pre-choice) rating, the 
putative self-regions of the brain (mPFC and PCC/Pcu) would be activated relatively more by 
chosen options as compared to rejected options. Second, the functional connectivity between the 
two regions during the post-choice (versus pre-choice) rating period should be larger for the 
chosen options, but no corresponding increases would be expected for the rejected options. 
Third, increases in the functional connectivity between the two regions for the chosen options at 
the post-choice (versus pre-choice) rating should predict post-choice (versus pre-choice) attitude 
toward the chosen but not rejected options in choice-consistent directions.  
 Our secondary goal was to explore individual differences in the degree to which self-
processing increases from pre-choice to post-choice. Previous evidence suggests that individuals 
with independent self-construal are more likely to consider personal choices to be relevant to the 
self (Na & Kitayama, 2012; Savani et al., 2008, 2010). Extending recent work in cultural 
neuroscience (Han et al., 2012; Hyde, Tompson, Creswell, & Falk, 2015) that has found that 
culture and self-construal influence how the brain makes social and cognitive judgments 
(Gutchess, Welsh, Boduroglu, & Park, 2006; Ma et al., 2012; Park, Tsai, Chim, Blevins, & 
Knutson, 2016; Varnum et al., 2014), I investigated whether the neural activation of putative 
self-regions (i.e., mPFC and PCC/Pcu), as well as the connectivity between them, during the 
post-choice (versus pre-choice) rating period might increase as a function of independent self-
construal. 
Method 
Participants 
Twenty-five undergraduates at the University of Michigan participated in the study. One 
participant was excluded from analysis due to excessive head movement. Analysis was 
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performed on the remaining 24 participants (10 males and 14 females, mean age = 19.71, SD = 
1.43). All participants were born and raised in the United States, had normal or corrected-to-
normal vision and had no history of head injury or psychiatric illness.  Participants received $50. 
At the end of the study, they were offered the option of either keeping one of the CDs they chose 
or receiving eight more dollars instead of the CD. All participants opted for the extra cash. All 
participants gave written consent and the Institutional Review Board at the University of 
Michigan approved the procedure. 
Procedure and Materials 
Following the procedure from previous behavioral studies on choice (e.g., Kitayama et 
al., 2004), I used popular music CDs as stimuli. I sampled 160 CDs from the Billboard Top 100 
music CDs and the Apple iTunes Top 100 music CDs from September 2009 to November 2009 
and conducted the study during the first half of 2010. 
Approximately 1.5 weeks prior to the experiment, participants filled out a survey packet 
that included the Singelis self-construal scale (Singelis, 1994). Upon arrival at the fMRI center, 
participants performed three tasks inside the scanner. First, they completed two runs of a pre-
choice rating task. They were shown the covers for 120 popular music CDs one at a time in 
randomized order (60 CDs in each run), and asked to rate how much they liked each CD on a 5-
point scale (1=least likeable, 5=most likeable). The cover of each CD was displayed for 3 
seconds along with the artist and album title, with an average inter-stimulus interval of 4 seconds 
(2, 4 or 6s, jittered). The second fMRI task involved a single run of the choice task.  Participants 
were presented with 60 pairs of CD covers (30 easy pairs and 30 difficult pairs as determined by 
how similar or different they rated the items during the pre-choice rating task). Participants 
selected the CD they wanted in each pair.  It was explained that one of the 60 CDs chosen by the 
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participant would be randomly selected and given to the participant at the end of the session; so 
the choices were incentive compatible with real values. Third, participants repeated two runs of 
the rating task described above. This study focuses on brain activation patterns during the pre-
choice and post-choice rating tasks.  
Singelis Scale 
I used an abbreviated 20-item version of the Singelis self-construal scale (Singelis, 1994) 
to assess independent and interdependent self-construal (See Appendix for specific items used). 
This version of the scale consists of two subscales (10 items each). Independent self-construal 
was assessed by averaging each participant’s responses to 10 items pertaining to one’s 
uniqueness and autonomy (e.g., “I enjoy being unique and different from others in many 
respects”), whereas interdependent self-construal was assessed by averaging each participant’s 
response to 10 items concerning one’s interpersonal relatedness and values placed on social 
harmony (e.g., “I will sacrifice my self-interest for the benefit of the group I am in”). Participants 
rated how much each item described the self on a 5-point scale (1=doesn’t describe me at all, 
5=describes me very much). The reliabilities were comparable to those obtained in previous 
work (Cronbach’s αs =.76 and .59, for independence and interdependence, respectively). 
Participants reported slightly higher independent self-construal (M=3.74, SD=0.55) than 
interdependent self-construal (M=3.56, SD=0.47), although this difference was not statistically 
significant (t(23)=1.01, p=.323). There was a significant negative correlation between 
independent and interdependent self-construal (r=-.46, p=.025), such that individuals who 
reported higher independent self-construal were also more likely to report lower interdependent 
self-construal. 
fMRI Data Acquisition 
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Participants were tested in a GE 3T Signa Excite 2 scanner (Milwaukee, Wisconsin). I 
first acquired a standard T1 structural image for alignment (TR = 250, TE = 3.7, FA = 75, FOV = 
220, 43 oblique axial slices, matrix 256 x 256, slice thickness = 3.5, 0 skip).  During the 
experimental task, T2*-weighted, spiral-in acquisition sequence were acquired (gradient echo, 
TR = 2000, TE = 30, FA = 90, FOV = 220, 43 oblique axial slices, matrix 64 x 64, slice 
thickness 3.0 mm, 0 skip).  Four initial volumes were discarded at the beginning of each run to 
allow for stabilization of the MRI signal. Finally, a high-resolution T1 anatomical scan was 
obtained (three-dimensional spoiled-gradient echo [SPGR] with inversion recovery prep, time of 
inversion = 400 ms, TR = 9.0, TE = 1.8, FA = 15, FOV = 260, 128 slices, matrix 256 x 256, 1.2 
mm slice, 0 skip). 
fMRI Data Analysis 
Data were analyzed using the statistical parametric mapping software package, SPM8 
(Welcome Department of Cognitive Neurology, London, UK). Functional volumes were slice 
time corrected using MCFLIRT (Jenkinson, Bannister, Brady, & Smith, 2002) to account for 
temporal differences in slice acquisition time, realigned to correct for head motion, and spatially 
normalized to a standard template based upon the Montreal Neurological Institute (MNI) 
reference brain using VBM8 toolbox and DARTEL high dimensional warping, and spatially 
smoothed using a 5-mm Gaussian kernel. 
Data for the pre-choice and post-choice rating tasks were modeled using an event-related 
design and a modified general linear model (Worsley et al., 1992, 1997). First-level models 
included a boxcar function for each 3-second trial, with separate regressors for time (pre-choice 
vs. post-choice), choice (chosen vs. rejected), and difficulty (difficulty vs. easy, defined by the 
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pre-choice difference in preference ratings for the CDs in each pair).4 Movement parameters 
were included as covariates for all models. 
I used a large-scale study on self-referential processing (Chua et al., 2011) to define a set 
of a priori functional ROIs in mPFC and PCC/Pcu. Using SPM8 and MarsBaR, I created 10mm 
sphere ROIs around the peak voxels in the mPFC (3,60,12) and PCC/Pcu (-3,-51,33) regions that 
have been linked to thinking about and evaluating the self (relative to a valence judgment; FWE-
corrected, p<.05, cluster threshold of k>50; see Figure III.1). All coordinates are reported in MNI 
space. I ran two sets of analyses using our a priori mPFC and PCC/Pcu ROIs focusing on (i) the 
activations of the mPFC and PCC/Pcu ROIs and (ii) the functional connectivity between the two 
ROIs.  
Activation of the mPFC and PCC/Pcu ROIs. A series of three analyses were 
performed. (i) The average activation of each ROI was analyzed in a 2 (Choice) x 2 (Time) 
repeated-measures ANOVA. Follow-up simple effects analyses were performed with two-tailed 
t-tests, with significance threshold set to 0.05. (ii) I used multiple linear regression analyses to 
test whether the mPFC and PCC/Pcu activations during the post-choice (versus in-choice) rating 
period of chosen options would predict the post-choice attitude change for these options. This 
same analysis was repeated for rejected options. (iii) Further, I used linear regression analysis to 
explore whether independent or interdependent self-construals would predict the mPFC and 
PCC/Pcu activations during the post-choice (versus pre-choice) rating of chosen options. I 
repeated the same analysis for the rejected options.   
 Functional connectivity between mPFC and PCC/Pcu. In order to examine the 
                                                
4 No main effects or interactions were observed for Difficulty and so subsequent analyses 
focused on the effects of Choice and Time.  
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functional connectivity between mPFC and PCC/Pcu, I used a generalized psycho-physiological 
interaction (gPPI) analysis with the mPFC ROI as the seed (McLaren, Ries, Xu, & Johnson, 
2012). Similar to standard PPI (sPPI), gPPI identifies an association between the time courses of 
activation for two regions first and then tests whether the magnitude of this association will vary 
as a function of a psychological variable(s). If the association between the two regions should 
vary as a function of this psychological variable(s), this psycho-physiological interaction (PPI) 
would constitute evidence for the functional connectivity between the two regions. Unlike sPPI, 
gPPI identifies the strength of this association in each condition separately (i.e., identifies a 
separate regressor for each condition and the interaction between the time course for each 
condition and the time course of the neural activation). This allows researchers more flexibility 
to run multiple contrasts to test whether this relationship differs for one condition versus another 
(or versus multiple other conditions), especially when there are more than two conditions 
(McLaren et al., 2012).  
I used the same set of analyses that were used to examine average activation within 
mPFC and PCC/Pcu to examine the functional connectivity between mPFC and PCC/Pcu. For 
every voxel outside of the mPFC ROI, I first computed the task-related association between each 
voxel and the mPFC ROI (i.e., computed the PPI regressor). This was done separately for each of 
the four conditions defined by Time (pre- versus post-choice) and Choice (chosen versus 
rejected). I then extracted the average beta value in the PCC/Pcu ROI in each of the four 
conditions to get a measure of the task-related association between mPFC and PCC/Pcu in each 
condition.  
(i) The average beta values for mPFC-PCC/Pcu functional connectivity were submitted to 
a 2 (Choice) x 2 (Time) repeated-measures ANOVA. Follow-up simple effects analyses were 
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performed with two-tailed t-tests, with significance threshold set to 0.05. (ii) For the chosen 
options, I tested whether increases in the functional connectivity between mPFC and PCC/Pcu 
during the post-choice (versus pre-choice) rating period would predict post-choice attitude 
change in a regression analysis. I ran the same set of analyses for rejected options. (iii) Further, I 
explored whether independent or interdependent self-construals would predict the changes in the 
functional connectivity between mPFC and PCC/Pcu during the post-choice (versus pre-choice) 
rating of the chosen options. I repeated the same analysis for the rejected options. 
Results 
Behavioral Results 
I first analyzed preference ratings of the options. I found a significant 2-way interaction 
between choice (chosen vs. rejected) and time (pre-choice vs. post-choice; F(1,23) =8.26, p 
=.009). Preference for chosen options increased from pre-choice (M=3.16, SD=0.37) to post-
choice (M=3.25, SD=0.41; t(23)=7.01, p<.001), whereas preference for rejected options 
decreased from pre-choice (M=2.13, SD=0.38) to post-choice (M=2.03, SD=0.34; t(23)=-4.15, 
p<.001). There was no correlation between the behavioral ratings and either independent self-
construal or interdependent self-construal. 
fMRI Results 
mPFC and PCC/Pcu activations. The mPFC activations in the relevant conditions are 
shown in Figure III.1-A. The Choice x Time interaction was significant (F(1,23)=5.32, p=.030). 
Subsequent simple effect tests showed that the activation was no different between the chosen 
and the rejected options at the pre-choice rating period (t (23)=-0.45, p=.657), but it was 
significantly greater for the chosen options than for the rejected options during the post-choice 
rating (t(23)=3.07, p=.005). The pattern for the PCC/Pcu activation, shown in Figure III.1-B, 
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also showed a significant interaction between Choice and Time (F(1,23)=6.74, p=.016). The 
PCC/Pcu activation was no different between the chosen and the rejected options at the pre-
choice rating (t (23)=0.96, p=.349), but it was significantly greater for the chosen options than 
for the rejected options during the post-choice rating period (t(23)=4.21, p<.001).  
Subsequent regression analyses showed that the changes in the activation of mPFC and 
PCC/Pcu did not predict post-choice attitude change. The mPFC activation during the post-
choice (versus pre-choice) rating of the chosen options had no effect on the post-choice (versus 
pre-choice) attitude for the chosen options (β=-.33, p=.13). It also had no effect on the post-
choice (versus pre-choice) attitude for the rejected options (β=-.10, p=.654). The PCC/Pcu 
activation during the post-choice (versus pre-choice) rating of the chosen options had no effect 
on the post-choice (versus pre-choice) attitude of these options (β=-.01, p=.987). It also had no 
effect on the post-choice (versus pre-choice) attitude for the rejected options (β= -.08, p=.701, 
respectively).   
Further regression analyses tested the effects of independent and interdependent self-
construals. I found that increases in independent self-construal predicted increased activations in 
mPFC  (β=.50, p=.012) and PCC/Pcu (β=.47, p=.020) from pre-choice to post-choice for chosen 
options. There was no effect of independent self-construal on neural activation for rejected 
options, nor was there a relationship between interdependent self-construal and neural activation 
for chosen or rejected options5.  
                                                
5 In addition, I tested whether brain activation for any of the analyses above would be 
moderated by choice difficulty. There were no significant differences between difficult and easy 
choices for any of the analyses noted above. 
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Functional connectivity between mPFC and PCC/Pcu. When the task-related 
association between the two putative self-regions (mPFC and PCC/Pcu) was analyzed as a 
function of Choice and Time, the interaction between these two factors did not achieve statistical 
significance (F(23)=1.88, p=.184). Nevertheless, this association did increase, albeit marginally, 
during the post-choice (versus pre-choice) rating of the chosen options (t(23)=1.77, p=.091). In 
contrast, there was no change from pre-choice to post-choice in the functional connectivity 
between the two regions during the rating of the rejected options (t(23)=0.55, p=.587; see Figure 
III.2-A). This pattern suggests a slight increase of the functional connectivity between the two 
regions during the rating of the chosen options. 
Subsequent regression analyses tested whether increases in the functional connectivity 
between the two regions during the post-choice (versus pre-choice) rating of the chosen options 
would predict the post-choice (versus pre-choice) attitudes toward these options. As shown in 
Figure III.2-B, I found that the increases in this association significantly predicted the attitude 
change for the chosen options (β=.43, p=.035). This is consistent with the hypothesis that 
increased functional connectivity between the two putative self-regions in the processing of the 
chosen options reinforces the positive attitude toward them. There was no comparable effect for 
the rejected options (β=.01, p=.956). 
Further regression analyses tested the effects of independent and interdependent self-
construals on the functional connectivity between the two putative self-regions (mPFC and 
PCC/Pcu). There was no effect of either independent self-construal or interdependent self-
construal on this association at the post-choice (versus pre-choice) rating for the chosen options 
(β=.02, p=.934; β=-.20, p=.344; respectively). Nor did I find any effect of either independent 
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self-construal or interdependent self-construal on this association at the post-choice (versus pre-
choice) rating of the rejected options (β=.07, p=.735; β=.-.03, p=.904; respectively).  
Discussion 
The Self-Referential Processing Hypothesis of Post-Choice Attitude Change 
The self-referential processing hypothesis of post-choice attitude change holds that after 
making a choice, individuals link the choice to their self-knowledge so as to justify it. The 
hypothesis is consistent with the existing social psychological theories of post-choice attitude 
change (Aronson, 1969; Kitayama & Tompson, 2015; Steele, 1988; Stone & Cooper, 2001). 
Moreover, it offers clear predictions about the brain mechanisms that are likely to be recruited to 
produce choice justification. The current work provided the first neural evidence that lends 
support to some critical implications of this hypothesis.  
First, I observed that during the post-choice (versus pre-choice) rating of the chosen 
(versus rejected) options there was an increased activation in both mPFC and PCC/Pcu (the two 
primary regions putatively linked to self-referential processing). Second, there was a marginal 
increase in the connectivity between the two regions during the post-choice (versus pre-choice) 
rating of the chosen options. No comparable effect was evident for the rejected options. Third 
and most importantly, the increased functional connectivity between mPFC and PCC/Pcu during 
the post-choice (versus pre-choice) rating of the chosen options reliably predicted the post-choice 
attitude change of the chosen options. There was no effect of the functional connectivity for the 
rejected options. Nor was there any effect of the activation of either mPFC or PCC/Pcu assessed 
separately on post-choice attitude change. While mPFC and PCC/Pcu separately are involved in 
multiple diverse cognitive processes, the only cognitive processes that mPFC activation, 
PCC/Pcu activation, and connectivity between mPFC and PCC/Pcu have all been implicated in 
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are thinking about and evaluating the self and recalling memories about the self (Feyers et al., 
2010; Morel et al., 2014; Ries et al., 2012; van der Meer et al., 2010). Taken together, the 
evidence is consistent with the hypothesis that self-referential processing after the choice is 
associated with attitude change.  
One additional finding is potentially important. I assessed independent and 
interdependent self-construal and found that independent self-construal reliably predicted 
changes in neural activation within mPFC and PCC/Pcu for chosen options. This finding lends 
some tentative support to the prediction that individuals who view the self as independent from 
others take their choices more seriously and thus expend more effort to justify them. In the 
current study, however, the increased activation of mPFC and PCC/Pcu was not related either to 
greater connectivity between mPFC and PCC/Pcu or to post-choice attitude change. Thus, I 
found no evidence that independent self-construal is linked to a greater likelihood of choice 
justification.  
Altogether, our work goes beyond previous work that has examined post-choice 
mechanisms of choice justification (Izuma et al., 2010; J. Qin et al., 2011; Sharot et al., 2009). 
Unlike Izuma et al. (2010) and Sharot et al. (2009), I used an incentive compatible procedure 
where participants received one of the options they chose. This could explain why neither Izuma 
et al. nor Sharot et al. found any evidence for the self-referential processing hypothesis, but I did. 
Unlike Qin et al. (2011), I used a region of interest analysis, which enabled us to disambiguate 
the functional significance of our brain activation data. Most importantly, none of the previous 
studies examined post-choice functional connectivity, and our study was the first to test whether 
functional connectivity predicts post-choice attitude change. This work therefore expands upon 
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previous work by showing that networks of brain regions are important in promoting and 
facilitating post-choice attitude change.  
Interestingly, our data suggest that the functional connectivity between mPFC and 
PCC/Pcu is empirically distinct from the activation of each of the two regions assessed 
separately. Moreover, it is the functional connectivity rather than the separate activation of each 
region that is linked to attitude change. While activation in separate regions can provide insight 
into the cognitive processes that each region supports, ultimately this activation reflects 
communication between brain regions, and thus connectivity provides unique insight into how 
these brain regions contribute to attitude change. Thus, connectivity may in fact be a more 
proximal measure of how the brain is processing information. This more dynamic facet of brain 
network must be further capitalized on in future work to advance our understanding of the neural 
mechanisms underlying how people think about the self. 
Integrating the In-choice and Post-choice Mechanisms 
 Post-choice attitude change is likely to be mediated by both in-choice mechanisms and 
post-choice mechanisms. Our earlier work tested in-choice mechanisms including a search of 
positive features in one choice option (Kitayama et al., 2013), whereas the current work tested 
post-choice mechanisms including self-referential processing. Although the two mechanisms are 
conceptually distinct, they might in fact be interconnected and the entire process might be far 
more recursive than our discussion so far might imply (Kitayama & Tompson, 2015). 
 For example, when two equally attractive options are presented for a choice, the decision 
maker is likely to seek positive features that are uniquely linked to one of the options. These 
features are unlikely to be purely perceptual. To the contrary, more often than not, substantial 
cognitive processing including retrieval of prior episodes and future plans may be required to 
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recognize certain features as positive. Hence, it is likely that certain degrees of self-referential 
processing are involved during the in-choice processing. Consistent with this line of analysis, 
prior evidence suggests that in-choice activation of PCC/Pcu (a region closely linked to self-
referential processing) tracks post-choice attitude change (Jarcho et al., 2011; Kitayama et al., 
2013; see Footnote 1). Hence, higher-order self-referential cognitions may be already implicated 
very early on during the choice processes.  
Moreover, once one of the options has been chosen, individuals may be expected to 
expend further self-referential processing to justify the choice. Yet, it is conceivable that this 
self-referential processing reinforces the affective value of the chosen option as represented in 
the subcortical reward processing regions of the brain including vSTR (Kitayama & Tompson, 
2015). Hence, it is plausible that at least under certain conditions, post-choice activation of vSTR 
tracks post-choice attitude change. Evidence for this prediction exists in the literature (Izuma et 
al., 2010; Sharot et al., 2009) although I did not find any evidence for it in an additional 
exploratory whole-brain analysis.  
At present, there are no analytic tools at hand to analyze the feedback / feed-forward links 
between the in-choice and the post-choice mechanisms discussed above. Future work would 
nonetheless benefit from a more concerted analysis of this issue. 
Is Post-Choice Attitude Change No More Than A Statistical Artifact? 
By using neuroimaging to examine underlying mechanisms, our work addressed a recent 
criticism that post-choice attitude change is no more than a statistical artifact. Chen & Risen 
(2010) have argued that measurement error obscures differences in true preferences for the two 
choice options. They argue that even when two choice options are initially rated as equally 
preferred, it is likely that the individual’s true preference for one option is actually greater than 
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the other. This has two consequences. First, the individual will choose the option that is actually 
more preferred (according to the individual’s true preferences) even though the initial ratings 
suggested that they were equally preferred. Second, because the true preference for the chosen 
option was actually greater than the true preference for the rejected option, the second, post-
choice rating of the chosen option is likely to increase, whereas the second post-choice rating of 
the rejected option is likely to decrease. Following this line of reasoning, Chen and Risen have 
argued that the measurement errors associated with the initial preference rating might be solely 
responsible for the post-choice attitude change and thus psychological processes (e.g., cognitive 
dissonance, self-referential processing, etc.) are not required for this attitude change to occur.  
Although certain mathematical details involved in the original analysis have since been 
called into question (Alós-Ferrer & Shi, 2015), the statistical artifact implied by the Chen & 
Risen (2010) argument stands as a logical possibility that could increase post-choice attitude 
change. However, because measurement of attitude change and measurement of neural activation 
are independent, the artifact described by Chen and Risen is unlikely to lead to any systematic 
changes in the activation in any brain regions, connectivity among them, or the association 
between these brain signals and attitude change (Kitayama, Tompson, & Chua, 2014). If post-
choice attitude change is predicted by neural activation, then I can conclude that some 
meaningful percentage of this attitude change is independent of the statistical artifact described 
by Chen and Risen. Hence, our findings underscore the veracity of post-choice attitude change as 
a psychological phenomenon.  
Conclusion 
The most important contribution of the current work is to show that connectivity between 
brain regions during post-choice evaluation of the choice options contributes to attitude change. 
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These findings extend previous research that hypothesized self-referential processing to account 
for post-choice attitude change without directly assessing this processing (Aronson, 1969; 
Gawronski et al., 2007; Steele, 1988; Stone & Cooper, 2001). In addition to contributing to the 
current understanding of brain mechanisms underlying choice justification, our findings also 
underscore the potential of a network-based analysis focusing on functional connectivity in 
testing social psychological theories. 
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Figure III.1. Activation in medial prefrontal cortex and posterior cingulate cortex changes from 
pre-choice to post-choice. 
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Figure III.2. Changes in connectivity between medial prefrontal cortex and posterior cingulate 
cortex predict attitude change. 
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CHAPTER IV 
Multivariate Representations of Choice Information 
Introduction 
People are constantly bombarded with choices in their everyday lives. These choices may 
often be quite difficult, involving complex information about the choice options. How do people 
process information about these choice options? And are the brain regions involved in 
representing choice information influenced by the cultural background of the chooser?  
While there are many brain regions that have been identified as being involved in choice, 
research has typically focused on average levels of activation within a single brain region. This 
approach can yield valuable information about whether a brain region as a whole is involved in 
decision-making, but it does not consider patterns of activation within that brain region. 
Multivariate patterns of activation within a brain region can provide valuable knowledge about 
how information is actually represented in a particular brain region (Mur et al., 2009). Recent 
work has begun to use multivariate pattern analysis to unpack how these brain regions are 
involved in processing and representing information about the choice (Carter et al., 2012; 
Garvert, Moutoussis, Kurth-Nelson, Behrens, & Dolan, 2015; Kahnt, Heinzle, Park, & Haynes, 
2011). However, none of these studies have examined whether these multivariate neural 
representations differ across cultures, nor have they considered choices made for others. The 
current work uses representational similarity analysis (RSA; Kriegeskorte, Mur, & Bandettini, 
2008; Nili et al., 2014)  to examine how patterns of activation within regions previously 
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identified as being involved in choice might also be involved in representing choice information. 
Moreover, this research is the first to directly test how people from difficult cultural backgrounds 
represent choice information in the brain. 
Multivariate representations of choice information 
I test these questions using RSA to measure the representational structure of choice 
information in the brains of people who are evaluating choice options. RSA examines how the 
patterns of activation within a specific brain region fluctuate from trial to trial and how 
fluctuation in the patterns of activation correlates or fits with explicit models of choice 
information. This allows me to examine whether the multivariate pattern of activation within a 
specific brain region is correlated with the choice information on each trial. For example, to the 
extent that the model for choice outcome (chosen vs. rejected) is correlated with the neural 
representation in medial prefrontal cortex (mPFC), I could then conclude that choice is 
represented in mPFC. And if the model for choice target (self vs. friend) is correlated with the 
neural representation in temporoparietal junction (TPJ), I could then conclude that choice target 
is represented in TPJ. Additionally, I can examine whether culture influences the strength of the 
representation of choice information (measured by the strength of the correlation between the 
model of choice information and the multivariate pattern of activation within a specific brain 
region). In the current study, I focus on neural representations of 1) whether the choice option 
was chosen or rejected (choice outcome), and 2) whether the choice was made for the self or a 
close friend (choice target). 
Previous work on brain regions involved in choice 
As described in more detail in Chapters 2 and 3, there are a number of brain regions that 
have been identified as being involved in decision-making and evaluating choice options. mPFC 
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and ventral striatum (vSTR) process subjective value of choice options, both when evaluating 
one’s own preferences and when thinking about another person’s preferences (Bartra et al., 2013; 
Janowski et al., 2013; Zaki et al., 2014). mPFC and posterior cingulate cortex (PCC) are also 
recruited more when evaluating chosen options (versus rejected options; Chapter 3). 
Additionally, multivariate patterns in mPFC, PCC, and vSTR track subjective reward and 
represent information about upcoming choices (Carter et al., 2012; Garvert et al., 2015; Kahnt et 
al., 2011). 
In addition to brain regions that are recruited similarly for choices made for the self and 
friend, other brain regions are recruited differentially when evaluating choice options for the self 
or friend. For instance, regions involved in mentalizing (e.g., dorsal mPFC [dmPFC] and TPJ) 
are more strongly recruited when making a choice whether to gamble for a partner than when 
making a choice whether to gamble with one’s own money (Jung et al., 2013). Additionally, in 
Chapter 2, regions involved in mentalizing (e.g., TPJ) are recruited more when people make 
consumer choices for a close friend (versus make consumer choices for the self). Carter and 
colleagues (2012) argue that multivariate patterns in TPJ are involved in integrating social 
information about another’s intentions into a choice. 
Furthermore, very few studies have examined how activation of these brain regions 
change over time, and thus an additional question is whether these representations might change 
from pre-choice to post-choice. In the current study, I chose to focus on neural activation during 
the pre-choice and post-choice rating tasks—that is, while participants evaluated choice options 
individually either before or after they made their choice. The benefit of this analysis is that it 
allows me to examine individual features of each choice option, rather than examining brain 
activation while individuals process multiple choice options at the same time. Additionally, by 
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examining neural representations at two time points, I can test whether representations of choice 
information change from pre-choice to post-choice. If brain regions represent information about 
choice outcome during the pre-choice rating task, then multivariate representations in these 
regions could actually be driving the subsequent choice. But, if differentiation of the patterns of 
activation for chosen and rejected options only occurs after the choice, then it suggests that these 
brain regions are representing the outcome of the choice. 
However, virtually all of the studies mentioned above tested participants from Western, 
individualistic cultures and it is thus unclear whether the same brain regions are involved in 
representing choice information for people from non-Western cultures. While it is clear that 
cortical regions including mPFC, PCC, and TPJ as well as subcortical regions including vSTR 
facilitate decision-making and represent choice information, it isn’t clear whether culture 
influences these neural representations. 
Culture and Choice 
For people from individualistic cultures, choice is seen as an opportunity to express the 
self, such as when individuals buy cars that fit their tastes, attend a college that suits them, or 
select a mate that attracts them (Kim & Sherman, 2007). However, Markus and Kitayama (2003) 
argue that, unlike Western views of choice and independence, East Asian culture emphasizes that 
“actions are responsive to obligations and expectations of others, roles, and situations; 
preferences, goals, and intentions are interpersonally anchored” (p. 7). If culture influences how 
people think about and evaluate choice, then there might be also be cultural differences in how 
people process and represent choice information. 
In fact, there is some evidence that many of the brain regions involved in choice are 
activated differentially for people from individualistic and collectivistic cultures. A recent meta-
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analysis found that, across a variety of social judgments (such as inferring the mental states of 
others or thinking about the self), people from collectivistic cultures such as Japan (who view the 
self as interdependent and fundamentally intertwined with others; Markus & Kitayama, 1991) 
are more likely to recruit mentalizing brain regions such as dorsal medial prefrontal cortex 
(dmPFC) and TPJ (Han & Ma, 2014). By contrast, people from individualistic cultures such as 
the United States (who view the self as independent, autonomous, and distinct from others; 
Markus & Kitayama, 1991) are more likely to recruit brain regions involved in thinking about 
and evaluating the self such as ventral medial prefrontal cortex (vmPFC; Han & Ma, 2014). In 
Chapter 2, I also find that mentalizing regions appear to be recruited more for East Asians 
making friend choices. 
Present Research 
The first goal of the current work was to identify which brain regions are involved in 
representing information about the choice options. I hypothesized that regions involved in 
thinking about and evaluating the self and evaluating/encoding subjective value should be 
involved in representing the choice outcome (chosen versus rejected options). Moreover, regions 
involved in thinking about the self, as well as thinking about the mental states of others should be 
involved in representing the target of the choice (self versus friend). The second goal was to test 
whether culture might moderate these representations. I hypothesize that self-processing regions 
should be more strongly involved in representing choice information for European Americans, 
whereas mentalizing regions should be more strongly involved in representing choice 
information for East Asians. The third goal was to test whether representation of choice outcome 
or choice target might change from pre-choice to post-choice. In order to test these hypotheses, I 
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used RSA to test multivariate patterns of activation during the pre-choice and post-choice rating 
tasks. 
Method 
Participants 
One hundred nine undergraduates at the University of Michigan participated in the 
experiment6. Twenty-six participants were excluded due to data quality issues (fourteen due to 
excessive head motion, four due to missing responses to greater than 25% of trials, four due to 
brain artifacts, and four due to scanner issues). Analysis was performed on the remaining 83 
participants (45 European Americans [29 females and 16 males], 38 East Asians [25 females and 
13 males]). All participants had normal or corrected-to-normal vision and had no history of head 
injury or psychiatric illness.  Participants received $60 as well as one of the posters they chose 
for themselves and one of the posters they chose for their friend (to give as a gift to their friend). 
All participants gave written consent and the Institutional Review Board at the University of 
Michigan approved the procedure. 
Stimuli 
 Participants were presented with images of posters taken from AllPosters.com’s most 
popular posters lists (top lists of Art, Nature, Movies, Music, Celebrities, and Sports posters) and 
pretested to be equally liked by European American and East Asian college students.  
Procedure 
Participants completed three tasks while having their brain activity measured in an fMRI 
scanner. Employing a similar paradigm as past fMRI work on choice-related attitude change 
                                                
6 These participants were recruited as part of a larger study of cross-cultural variations (n=635). 
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(Jarcho et al., 2011; Kitayama et al., 2013; Sharot et al., 2009), participants first completed a pre-
choice rating task, followed by a choice task, and finally they completed the post-choice rating 
task. In the pre-choice rating task, participants were presented with a set of 72 posters to evaluate 
for themselves and 72 posters to evaluate for their friend. Posters were presented one at a time 
and for each poster participants were instructed to either rate how much they like the poster or 
rate how much their friend would like the poster on a 5-point scale (1=least likeable, 5=most 
likeable). Assignment of the two sets of 72 posters to the self and friend conditions were 
counterbalanced such that half of the participants evaluated Set A for the self and Set B for the 
friend and the other half were given the opposite. Trials were pseudo-randomized such that 
participants saw between 2-6 trials of a given trial type in a row to reduce frame-switching 
burden. I also included a cue (jittered presentation between 1 and 4 sec, M=1.875, SD=1.064) 
prior to each trial indicating whether the next trial would be a self trial or friend trial.  
In the choice task, participants were presented with pairs of posters and selected one 
poster from each pair. For half of the pairs participants selected the poster that they wanted (i.e., 
self choices), and for the other half they selected a poster for their friend (i.e., friend choices). 
Because I was primarily interested in neural processes involved in making difficult choices that 
are more likely to elicit negative arousal, conflict, and choice-related attitude change, I used an 
algorithm to pair posters together such that each participant made 30 “difficult-self” choices, 30 
“difficult-friend” choices, 6 “easy-self” choices, and 6 “easy-friend” choices.   First, 12 posters 
from the self condition were paired together such that each pair of posters were rated in the pre-
choice rating task at least 2 apart in the self condition (e.g., the participant rated one poster a “4” 
and the other poster a “2”). Next, the remaining 60 posters from the self condition were paired 
together into 30 pairs of posters such that each pair of posters were rated nearly identical in the 
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pre-choice rating task (e.g., the participant rated both posters a “4” or rated one poster a “4” and 
the other poster a “3”). This pairing procedure was then repeated for the posters in the friend 
condition (i.e., posters where the participant rated how much their friend liked the poster). The 
choice task also included a pseudo-randomized trial order such that participants saw between 2-6 
trials of a given trial type. I also included a cue (jittered presentation between 1 and 4 sec, 
M=1.875, SD=1.064) prior to each trial indicating whether the next trial would be a self trial or 
friend trial. It was explained that one of the 36 posters chosen by the participant for themselves 
would be randomly selected and given to the participant at the end of the session and one of the 
36 posters chosen for the friend would also be randomly selected and the participant could give 
the poster to their friend as a gift; so the choices were incentive compatible with real values. 
Finally, in the post-choice rating task, participants repeated the rating task described above. 
fMRI Data Acquisition 
Scanning was performed using a Philips 3 Tesla MRI scanner (Phillips Medical Systems, 
Andover, Massachusetts). T2*-weighted echo planar gradient-recall echo volumes (echo 
time=30ms, repetition time=2000ms, 64x64 matrix, flip angle=90 degree, field of view=22cm, 
42 contiguous 3mm axial slices per volume), were acquired for each task. Five additional 
volumes were discarded at the beginning of each run to allow for stabilization of the MRI signal. 
A high-resolution T1-weighted structural image was also obtained to provide for more precise 
anatomical localization.  
Functional MRI data analysis 
 Preprocessing of data was completed using SPM8 (Wellcome Department of Cognitive 
Neurology, London, UK). Functional volumes were slice time corrected to account for temporal 
differences in slice acquisition time, realigned to correct for head motion, and spatially 
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normalized to a standard template based upon the Montreal Neurological Institute (MNI) 
reference brain using VBM8 toolbox and DARTEL high dimensional warping. Participants were 
excluded from analysis if their head motion exceeded 3mm maximum Euclidean displacement. 
Because RSA analysis examines patterns of activation across voxels, I did not apply any 
smoothing to the data. 
ROI Definition 
In this study I was interested in processing of choice information in brain regions 
implicated in thinking about the self, thinking about the mental state of others, and representing 
subjective value. In order to examine representations of choice information in these regions, I 
used the regions of interest (ROIs) previously identified in Chapters 2 and 3. Specifically, I used 
ROIs identified in Chapter 2 analyses as being involved in making choices for a close friend (left 
and right TPJ), ROIs identified in Chapter 2 as predicting choice-related attitude change (left and 
right vSTR), and ROIs in mPFC and PCC identified as being involved in thinking about the self 
(taken from Chua et al. [2011] and used in Chapter 3). I took the peak voxels from those studies 
and created a 5mm sphere around the peak voxel using MarsBaR (see Figure II).  
Representational Similarity Analysis 
The goal of RSA is to create representational matrices that track how well the 
multivariate patterns of activation on each trial "match" or "fit" with the patterns on all other 
trials, and then compare the patterns of activation with explicitly defined models of the task. For 
example, RSA could be used to examine how patterns of activation in mPFC match a model that 
defines trials as either being chosen or rejected (choice outcome). If the patterns of activation 
match the model, then it is likely that mPFC differentiates between chosen and rejected options 
and represents choice outcome. In the current study, I focused on four primary questions: 1) do 
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mPFC, PCC, or vSTR represent choice outcome (chosen versus rejected); 2) do mPFC, PCC, or 
TPJ represent choice target (self versus friend); 3) does representation of choice outcome and/or 
target change from pre-choice to post-choice; and 4) are these neural representations moderated 
by culture? 
In all analyses, I constructed representational dissimilarity matrices (RDMs) that 
summarize the similarity of every trial with every other trial7. Similarity can be measured by 
comparing the pattern of neural activation within an ROI on one trial with another trial (neural 
RDM) or by comparing the presence/absence of certain types of information on one trial with 
another trial (model RDM). Each neural RDM can then be compared to each model RDM in 
order to test whether the patterns of activation represented in the neural RDM match the choice 
information represented in the model RDM. For example, if TPJ represents choice target, then 
patterns of neural activation within TPJ would be more similar for trials where participants 
evaluated choice options for the same target (i.e., both trials were self trials or both trials were 
friend trials) than for trials where participants evaluated choice options for different targets (i.e., 
one trial was a self trial and the other was a friend trial). The strength of the fit between the 
neural RDM and model RDM are then measured by correlating the two matrices. The stronger 
the correlation between the neural RDM and the model RDM, the greater the degree to which 
that brain region represents the information in the model RDM. If, for example, the neural RDM 
for TPJ was significantly correlated with the model RDM for choice target, then TPJ has been 
shown to differentiate between self and friend choices and therefore represents information about 
choice target. 
                                                
7 RDMs actually code for dissimilarity—so higher values mean the two trials are more 
dissimilar. 
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Model RDMs. I first constructed model RDMs for choice outcome and choice target. 
The model RDMs were created such that pairs of trials were coded as 0 if both trials in a pair 
contained the same information (e.g., both chosen options or both rejected options) and 1 if both 
trials contained different information (e.g., Trial A was chosen and Trial B was rejected). 
Separate RDMs were constructed for each run for each participant for both choice outcome and 
choice target8. For the choice outcome RDM, each cell in the matrix was coded as 0 if both trials 
were chosen, 0 if both trials were rejected, and 1 if one trial was chosen and the other rejected. 
For the choice target RDM, each cell in the matrix was coded as 0 if both trials were self choices, 
0 if both trials were friend choices, and 1 if one trial was a self choice and the other trial was a 
friend choice. 
Neural RDMs. In order to construct the neural RDMs, I first estimated the neural 
responses to each trial using general linear modeling (GLM; Worsley, Evans, Marrett, & Neelin, 
1992; Worsley, Poline, Friston, & Evans, 1997) in SPM8. I constructed a separate GLM for each 
run with separate regressors for each trial as well as covariates to account for participant head 
motion. I then extracted the unsmoothed parameter estimates for each trial in each voxel of the a 
priori ROIs (mPFC, PCC, left TPJ, right TPJ, left vSTR, and right vSTR). For each ROI, I 
constructed a separate RDM for each participant and each run by correlating the pattern of 
activation within the ROI on each trial with every other trial. Because the RDM codes for 
dissimilarity, each pairwise comparison was coded as 1 minus the correlation. Values closer to 1  
(or greater than 1) therefore represent a pattern that is very dissimilar (because the correlation 
                                                
8The size of RDMs were dependent on how many trials in a given run participants responded to 
and thus each run contained a different number of trials. On average, participants responded on 
94% of trials. Size of RDMs for a run ranged from 28 to 48 trials with a mean of 45.14 trials. 
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was weak or negative) and values closer to 0 therefore represent a pattern that is very similar 
(because the correlation was strong). 
Second-level comparisons. I conducted two primary analyses with the model and neural 
RDMs. First, I examined whether, across all subjects, patterns of activation within mPFC, PCC, 
and vSTR represented choice outcome (i.e., whether options were chosen or rejected). Second, I 
examined whether, across all subjects, patterns of activation within mPFC, PCC, and TPJ 
represented choice target (i.e., whether the choice was being made for the self or a close friend). 
For both analyses, I examined whether patterns of neural activation in the ROIs identified above 
might increase from pre-choice to post-choice, as well as whether representation of choice 
content (or changes in the representation) might be influenced by culture. 
In order to examine neural representation of choice outcome, I first computed the 
Spearman correlation for each run and each participant between the neural RDMs and the choice 
outcome RDM (e.g., I computed the correlation between participant 1’s mPFC RDM for run 1 
with participant 1’s choice outcome RDM for run 1) and transformed the correlation values using 
a Fisher r-to-z transformation. I then computed the average correlation for all pre-choice runs for 
each participant as well as the average correlation for all post-choice runs for each subject.  
In order to test whether the representation of choice outcome changes from pre-choice to 
post-choice, I then computed a difference score for each participant by subtracting each subject’s 
average post-choice correlation between each neural RDM and the choice outcome RDM minus 
their average pre-choice correlation between each neural RDM and the choice outcome RDM 
(e.g., the average post-choice correlation between the mPFC RDM and the choice outcome RDM 
minus the average pre-choice correlation between the mPFC RDM and the choice outcome 
RDM).  
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I then ran a series of one-sample t-tests on the average pre-choice correlations, the 
average post-choice correlations, and the change scores (post-choice minus pre-choice) between 
each neural RDMs and the choice outcome RDM to test whether the neural representation of 
choice outcome was significant in the pre-choice rating task, in the post-choice rating task, or 
whether it changed significantly from pre-choice to post-choice. I examined the neural 
representations across all 83 subjects. In order to test for potential boundary conditions, I then 
ran a two-sample t-test to examine whether the representation of choice outcome differed for 
European Americans and East Asians and also tested whether the neural representations were 
significant for European Americans and East Asians separately. Finally, I repeated the above 
steps for the choice target RDM. 
Results9 
Analysis 1: Representation of choice outcome 
Pre-choice rating task. I first examined whether patterns of activation in mPFC, PCC, 
vSTR, and TPJ would represent choice outcome (chosen versus rejected options) during the pre-
choice rating task. While the choice outcome had not yet been determined, differentiation of the 
patterns of activation for chosen and rejected options could suggest that how these brain regions 
process choice information prior to the choice being made influences the outcome of the choice. 
During the pre-choice rating task, the relationship between mPFC and the choice outcome RDM 
was marginally significant for all 83 participants (t(82)=1.80, p=.076), although this effect was 
not significant when examining European Americans (t(44)=1.48, p=.146) and East Asians 
(t(37)=1.04, p=.306) separately, nor was there a significant cultural difference (t(77.21)=0.19, 
p=.849).  
                                                
9 Behavioral results have previously been reported in Chapter 2. 
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Additionally, the relationship between right TPJ and choice outcome was significant for 
all 83 participants (t(82)=2.71, p=.008). While there was not a significant cultural difference 
between the two groups (t(78.31)=0.88, p=.384), East Asians primarily drove the overall effect, 
such that right TPJ was significantly correlated with the choice outcome RDM for East Asians 
(t(37)=2.46, p=.019) but not European Americans (t(44)=1.41, p=.167). 
While there was not a significant relationship between left vSTR and the choice outcome 
RDM across all 83 subjects (t(82)=0.21, p=.837), there was a significant effect for European 
Americans (t(44)=2.02, p=.050). There was not a significant relationship for East Asians (t(37)=-
0.42, p=.676), and the cultural difference was not statistically significant (t(72.52)=1.57, 
p=.122). None of the other ROIs were significantly correlated with the choice outcome RDM 
during the pre-choice rating task. 
Post-choice rating task. Second, I examined whether patterns of activation in the a priori 
ROIs would represent choice outcome (chosen versus rejected) during the post-choice rating 
task. Because the choice had been made at this time, differentiation of the patterns of activation 
for chosen and rejected options could suggest that these brain regions are representing the 
outcome of the choice. During the post-choice rating task, there was a significant relationship 
between mPFC and the choice outcome RDM for all 83 participants (t(82)=2.37, p=.020), and 
the direct cultural comparison was not statistically significant (t(68.73)=0.72, p=.474; see Figure 
IIIA). However, European Americans primarily drove the overall effect, such that mPFC was 
significantly correlated with the choice outcome RDM for European Americans (t(44)=2.57, 
p=.014) but not East Asians (t(37)=0.93, p=.358).  
Additionally, there was a significant relationship between right TPJ and the choice 
outcome RDM for all 83 participants (t(82)=2.32, p=.023) and there was not a significant 
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cultural difference in the representation of choice outcome (t(73.53)=0.46, p=.645; see Figure 
IIIB). However, East Asians primarily drove the overall effect, such that there was a marginally 
significant correlation between right TPJ and choice outcome RDM for East Asians (t(37)=1.76, 
p=.086) but not European Americans (t(44)=1.49, p=.144).  None of the other ROIs were 
significantly correlated with the choice outcome RDM during the post-choice rating task. 
Change from pre-choice to post-choice. Third, I examined whether the representation 
of choice outcome might change from pre-choice to post-choice. However, none of the ROIs 
tested here showed a significant change in the correlation between the neural RDM and the 
choice outcome RDM. Nor were there any cultural differences in the change from pre-choice to 
post-choice. 
Analysis 2: Representation of choice target 
Pre-choice rating task. I first examined whether patterns of activation in mPFC, PCC, 
vSTR, and TPJ would represent choice target (self versus friend choices) during the pre-choice 
rating task. Participants were explicitly instructed to evaluate the choice options for themselves 
or a close friend, and thus differentiation of the patterns of activation for self and friend choices 
could suggest that these brain regions are representing the target of the choice. During the pre-
choice rating task, mPFC, PCC, and left TPJ were significantly correlated with the choice target 
RDM for all subjects (t(82)=3.94, p<.001; t(82)=5.75, p<.001; t(82)=4.68, p<.001; respectively). 
The representation of choice target in mPFC, PCC, and left TPJ were also not moderated by 
culture (t(78.63)=1.22, p=.225; t(74.41)=0.48, p=.630; t(67.32)=1.43, p=.158, respectively). The 
relationships between mPFC, PCC, and left TPJ and the choice target RDM were significant for 
both European Americans (t(44)=2.08, p=.043; t(44)=4.14, p<.001; t(44)=2.90, p=.006; 
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respectively) and East Asians (t(37)=3.57, p=.001; t(37)=3.97, p<.001; t(37)=3.72, p<.001; 
respectively).  
There was also a significant relationship between right TPJ and the choice target RDM 
(t(82)=2.11, p=.038), and this overall effect was not moderated by culture (t(70.94)=0.23, 
p=.817). However, European Americans primarily drove the overall effect, such that there 
marginally significant correlation between right TPJ and the choice target RDM for European 
Americans (t(44)=1.90, p=.065) but not East Asians (t(37)=1.12, p=.270). None of the other 
ROIs were significantly correlated with the choice target RDM during the pre-choice rating task. 
Post-choice rating task. Second, I examined whether patterns of activation in the a priori 
ROIs would represent choice target during the post-choice rating task. During the post-choice 
rating task, mPFC, PCC, and left TPJ were significantly correlated with the choice target RDM 
(t(82)=5.22, p<.001; t(82)=3.37, p=.001; t(82)=3.97, p<.001; respectively). The representation of 
choice target in mPFC, PCC, and left TPJ were also not moderated by culture (t(69.57)=0.69, 
p=.490; t(76.89)=0.19, p=.847; t(74.39)=0.27, p=.791, respectively).  The relationships between 
mPFC, PCC, and TPJ and the choice target RDM were significant for both European Americans 
(t(44)=3.80, p<.001; t(44)=2.40, p=.021; t(44)=2.90, p=.006; respectively) and East Asians 
(t(37)=3.59, p<.001; t(37)=2.33, p=.025; t(37)=2.69, p=.011; respectively).  
Additionally, there was a significant relationship between right TPJ and the choice target 
RDM (t(82)=2.78, p=.007) and this overall effect was not moderated by culture (t(79.90)=0.67, 
p=.502). However, European Americans primarily drove the overall effect, such that right TPJ 
was significantly correlated with the choice target RDM for European Americans (t(44)=2.43, 
p=.019) but not East Asians (t(37)=1.42, p=.164).  None of the other ROIs were significantly 
correlated with the choice target RDM during the post-choice rating task. 
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Change from pre-choice to post-choice. Third, I examined whether the representation 
of choice target might change from pre-choice to post-choice. However, none of the ROIs tested 
here showed a significant change in the correlation between the neural RDM and the choice 
target RDM. Nor were there any cultural differences in the change from pre-choice to post-
choice. 
Discussion 
Using brain data from individuals who evaluated choice options both before and after 
making difficult choices either for the self or a close friend, I found that information about 
choice outcome (chosen versus rejected) was represented in mPFC and TPJ. Although the 
cultural difference was not statistically significant, representation of choice outcome in mPFC 
appears to be primarily driven by European Americans, whereas representation of choice 
outcome in TPJ appears to be primarily driven by East Asians. Additionally, information about 
choice target (self versus friend) is represented in mPFC, PCC, and TPJ for both European 
Americans and East Asians.  
Interestingly, representation of choice outcome was strongest during the post-choice 
rating task, whereas representation of choice target was consistent across both the pre-choice and 
post-choice rating tasks. Participants were explicitly instructed to evaluate the choice options for 
themselves or a close friend, and thus consistency in the representation of choice target across 
the pre-choice and post-choice rating tasks could be due to the fact that this information was 
explicitly presented before each trial. 
Representation of choice outcome, however, is only represented during the post-choice 
rating task (and not during the pre-choice rating task). Representation during the pre-choice 
rating task would suggest that multivariate patterns are potentially influencing the choice, but 
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since I only found the effect during the post-choice rating task, it is more likely that these brain 
regions are representing the outcome of the choice (rather than driving the choice). 
Choice and ownership 
 For European Americans, multivariate patterns in mPFC differentiate between chosen 
and rejected options only after the choice has been made (but not prior to the choice). This 
suggests that, rather than driving or predicting choice outcome, multivariate patterns in mPFC 
reflect the choice outcome and represent information about whether a choice option was chosen 
or not. mPFC plays an integral role in processing self-relevance of stimuli (Kim & Johnson, 
2012, 2014; van der Meer et al., 2010), and thus one interpretation of these findings is that 
chosen options are being associated with the self. Previous research has found that implicit 
associations between chosen options and the self increase after a choice has been made, and 
these increases in turn predict attitude change following the choice (Gawronski et al., 2007). 
Given the importance of choice in American culture as an action that reflects one’s internal 
attributes and gives the individual an opportunity to express their uniqueness (Kim & Sherman, 
2007; Markus & Schwartz, 2010), it is possible that European Americans are integrating their 
self-concept into every choice, and this is being reflected in multivariate patterns in mPFC. 
Culture and representation of choice outcome 
 While European Americans represent choice outcome in mPFC, East Asians represent 
choice outcome in TPJ. Although the representation of choice outcome in mPFC and TPJ in 
European Americans and East Asians were not significantly different, this result is consistent 
with a recent meta-analysis that finds that European Americans are more likely to recruit self-
processing regions when making social judgments, whereas East Asians are more likely to 
recruit mentalizing regions when making social judgments (Han & Ma, 2014). It goes beyond 
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prior work by showing that previously identified univariate activation of these brain regions 
extends to multivariate patterns of activation.  
This distinction is also interesting because, while mPFC only differentiates between 
chosen and rejected options after the choice has been made, TPJ differentiates between chosen 
and rejected options both prior to the choice and after it has been made. This suggests that TPJ 
might actually represent choice information that influences the choice outcome. Given previous 
theorizing on cultural differences in the importance of social preferences and norms in driving 
behavior (Markus & Kitayama, 2003; Riemer et al., 2014), it is possible that multivariate 
representation of others’ preferences in TPJ during the pre-choice rating task is influencing 
which options East Asian participants choose. 
Self-processing and subjective value 
This work builds upon models of decision-making that posit that processing self-
relevance and subjective value are key functions involved in decision-making. Previous work has 
shown that mPFC is involved in thinking about and evaluating the self (Amodio & Frith, 2006; 
Denny et al., 2012; Northoff et al., 2006b; Schmitz & Johnson, 2007) as well as representing 
subjective value (Bartra et al., 2013; Knutson et al., 2005). However, thinking about the self is a 
broad psychological process that can include a number of distinct sub-processes, many of which 
could be important for decision-making. One hypothesized function of mPFC is the 
representation of self-relevance, and greater activation in mPFC has often been interpreted as 
suggesting that stimuli are perceived as more self-relevant (Kim & Johnson, 2012, 2014). In the 
current study, representations of choice outcome and choice target in mPFC are sensitive to time 
and culture, which suggests that neural representation of self-relevance is malleable and context-
dependent. 
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Limitations and Future Directions 
Decision-making is often complex and there are often many attributes and dimensions on 
which a choice option could be evaluated. The current work only focused on two types of choice 
information—namely whether the option was chosen and whether the target of the choice was 
the self or a close friend. Thus, this study barely scratches the surface of attributes and 
dimensions that could be represented in the brain. While beyond the scope of the current study, 
future work should attempt to examine how the brain represents other dimensions of choice. For 
example, univariate activation in anterior insula is recruited when people are presented with the 
cost of a potential consumer purchase (Knutson et al., 2007) and it is therefore possible that 
anterior insula might be involved in representing information about cost.  
The current work also only examines a few a priori regions of interest (mPFC, PCC, TPJ, 
and vSTR). It is likely that many other brain regions are also involved in representing choice 
information. For example, visual cortex is almost surely involved in representing information 
about visual features of choice options. Future work should expand upon this work by examining 
how other brain regions might represent choice information. 
Another limitation of the current research is that it is correlational. Specifically, while the 
current work suggests that cortical regions including mPFC, PCC, and TPJ are involved in 
representing choice information, it doesn’t offer any insight into how the brain is using this 
information to actually make the final decision. Does information about choice outcome or 
choice target change how the chooser evaluates the choice options? And does it have 
downstream consequences for what other information the chooser attends to, or what other brain 
regions are involved in the decision-making process? These questions are beyond the scope of 
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the current study and thus future research should attempt to unpack the specific roles of these 
brain regions in making the choice. 
Finally, future research should examine whether these same brain regions represent 
different types of choices, and whether this has consequences for real-world behaviors. 
Multivariate patterns in vmPFC process content of persuasive health messages and predict 
subsequent changes in health behavior (Pegors, Tompson, O’Donnell, & Falk, under review). It 
would be interesting to examine whether mPFC and TPJ are also involved in health decisions 
such as whether to quit smoking or choose the healthy food option (and whether involvement of 
these regions differs for people from individualistic and collectivistic cultures). 
Conclusion 
 This research is the first to directly examine how people from different cultures represent 
choice information in the brain. It suggests that brain regions involved in thinking about the self 
as well as thinking about the mental states of others represent two important dimensions of 
choice—whether the option was chosen and who the choice is being made for. Moreover, the 
brain regions that represent choice information depend on the cultural background of the 
chooser. These findings advance understanding of how cortical structures including mPFC, PCC, 
and TPJ process information about choice options and how processing of choice information is 
influenced by culture. 
  
100 
Figure IV.1. Regions of interest used in RSA analysis. 
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Figure IV.2. Multivariate representations of choice outcome. 
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Figure IV.3. Multivariate representations of choice target. 
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CHAPTER V 
Discussion 
How do people make a choice when the options are seemingly equal? And how do 
psychological processes occurring both as a part of the decision-making process and after the 
decision has been made influence attitudes towards the choice options? Finally, does culture 
influence the processes underlying decision-making and attitude change? The current work 
utilizes neuroimaging to examine these important questions and provides evidence for key brain 
regions and networks that support decision-making and attitude change for both the self and 
close others. A key strength of this research is that it examines both social and biological 
processes, as well as the interaction between the two. 
In Chapter 2, I measured neural activation during decision-making and found that PCC 
and vSTR predicted attitude change for European Americans but not East Asians. Moreover, 
both dACC and aINS were recruited when people make difficult (versus easy) choices for the 
self and a close friend, whereas mentalizing regions were recruited when people make difficult 
choices for a close friend (versus self choices). In Chapter 3, I found that increases in 
connectivity between mPFC and PCC from pre-choice to post-choice predicted attitude change. 
In Chapter 4, I found that mPFC represented information about choice outcome (chosen versus 
rejected) for European Americans whereas TPJ represented information about choice outcome 
for East Asians. Additionally, mPFC, PCC, and TPJ represented information about choice target 
(self versus friend) for both European Americans and East Asians. This research advances 
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understanding of how culture shapes the way in which people evaluate choice options and make 
choices. 
Cultural Similarities and Differences 
Chapters 2 and 4 provide evidence for both similarities and differences in the brain 
regions involved in decision-making for people from individualistic and collectivistic cultures. In 
Chapter 2, both European Americans and East Asians recruit dACC and aINS when making 
difficult choices for the self and a close friend as well as show some similarities in recruitment of 
PCC and TPJ during friend choices. And in Chapter 4, both European Americans and East 
Asians represent information about choice target (self versus friend) in mPFC, PCC, and TPJ. 
This suggests that there are similarities in how people from individualistic and collectivistic 
cultures evaluate choice options and make difficult choices. One possible interpretation of these 
findings is that both European Americans and East Asians evaluate choice options in reference to 
the target (self or close friend) and experience conflict between choice options as aversive. 
There are also some interesting cultural differences in Chapters 2 and 4. East Asians 
show strong activation of TPJ when making choices for a close friend (Chapter 2) and also 
appear to represent information about choice outcome and choice target in TPJ (Chapter 4). By 
contrast, European Americans are somewhat less likely to recruit TPJ when making choices for a 
close friend (Chapter 2) and represent information about choice outcome in mPFC (Chapter 4). It 
is interesting that in some cases, European Americans and East Asians use mPFC and TPJ to 
represent the same type of information (i.e., choice target), whereas in other cases, mPFC and 
TPJ are differentially recruited to represent choice information (i.e., choice outcome). This 
suggests that recruitment of these regions is malleable and context-dependent, and may be 
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sensitive to both the cultural background of the chooser as well as the type of information being 
evaluated. 
This research is also consistent with previous evidence that people from individualistic 
cultures are more likely to recruit regions involved in thinking about and evaluating the self 
when making social judgments, whereas people from collectivistic cultures are more likely to 
recruit regions involved in taking the perspective of others when making social judgments (Han 
& Ma, 2014; Ma et al., 2012). It expands upon this work by showing that previously reported 
cultural differences in social judgments extend to consumer decision-making. Thus, people from 
individualistic cultures primarily make choices people individualistic cultures primarily make 
decisions by focusing internally and considering their own preferences, whereas people from 
collectivistic cultures are more likely to consider others’ preferences when making decisions. 
While European Americans primarily recruit mPFC to make difficult choices and East 
Asians primarily recruit TPJ to make difficult choices, these differences are not statistically 
significant. In both Chapters 2 and 4 there is frequently a significant effect for one group but not 
the other, but the direct cultural comparison is not significant. While the differences are small 
(with effect sizes in the 0.15 to 0.30 range), they are consistent and always trend in the same 
direction. It is possible that the East Asian participants in our study had adjusted to American 
culture, and thus were more likely to think and behave similarly to our European American 
participants.  
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Another possibility is that the East Asian participants who self-selected to come to the 
United States might be more likely to make choices that are particularly individualistic or 
focused on personal goals. The East Asian participants in Chapters 2 and 4 made a very 
individualistic choice to leave their families and come to the United States for college, and thus 
their choice behavior might be more similar to the choice behavior in our European American 
sample, even when they report being more collectivistic on other dimensions. This might explain 
the reliably small effects found in the current study, and why the cultural differences found here 
are smaller than in other studies with similar samples (e.g., Kitayama, King, et al., 2014). Future 
work should examine whether these cultural differences are larger when comparing European 
Americans with East Asians born in and currently living in East Asia. 
Choice-Related Attitude Change 
Chapters 2 and 3 also advance understanding of how in-choice and post-choice processes 
contribute to choice-related attitude change. This research advances our understanding of how 
people change their attitudes during and after the choice. I replicate past work on neural 
mechanisms underlying choice-related attitude change (Jarcho et al., 2011; Kitayama et al., 
2013), which, in light of recent research questioning the replicability of fMRI research (Barch & 
Yarkoni, 2013; Eklund, Nichols, & Knutsson, 2016) is important for establishing the robustness 
of the relationship between vSTR and PCC and choice-related attitude change. Beyond 
replicating this work, however, this dissertation extends past work in a number of key ways. 
First, in Chapter 2 I show that the link between vSTR and attitude change previously 
shown in European Americans making choices for themselves extends to choices made for a 
close friend. Second, in Chapter 2 I show that this link between vSTR and attitude is absent in 
East Asians for both self and friend choices, with a marginally significant difference between the 
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two cultural groups. Third, in Chapter 3 I show that changes in functional connectivity between 
mPFC and PCC track choice-related attitude change.  Finally, in Chapters 2 and 3 I extend past 
work and show that both in-choice and post-choice processes contribute to attitude change. 
While Chapter 3 was restricted to American participants, and it is therefore difficult to 
conclude anything about potential generalizability across cultures, evidence from Chapter 4 
shows that there are some differences in how people from individualistic and collectivistic 
cultures recruit mPFC when evaluating choice options. It is therefore possible that East Asian 
participants would show a weaker relationship between mPFC-PCC connectivity and attitude 
change. 
It is worth noting that I did not replicate previous work that has shown that increases in 
activation in reward processing regions from the pre-choice rating task to the post-choice rating 
task track choice-related attitude change (Izuma et al., 2010; Sharot et al., 2009). While 
potentially troublesome, there are a number of key differences between the current study and 
past work that might shed light on why this occurred. First, previous work had participants make 
experiential choices where participants were specifically instructed to imagine how pleasurable 
the experience would be (Sharot et al., 2009) whereas the current work instructed participants to 
choose which option they would prefer to own. Previous research therefore placed a much 
greater emphasis on the hedonic aspects of the choice options, which may have amplified any 
effect of reward processing on the pre-choice and post-choice evaluation of the choice options. 
Second, previous work had participants imagine these experiences but didn’t actually 
give participants the option they chose. In the current work participants were instructed that they 
would receive one of the options they chose at the end of the study. The hypothetical nature of 
past work might also amplify the effect of internally focused reward processing (e.g., how much 
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would I enjoy eating this food?) whereas the more incentive-compatible procedure employed in 
the current work might amplify other more external aspects of the choice (e.g., what would this 
poster look like on my wall next to my other art?). 
Social Psychological Theories of Attitude Change 
 This work also sheds light on a long-standing debate about the psychological mechanisms 
underlying choice-related attitude change. Previous work in social psychology has primarily 
focused on three potential mechanisms: cognitive conflict, negative arousal, and/or self-
processing. Some theories primarily focus on the role of cognitive conflict and negative arousal 
in motivating attitude change (Festinger, 1957), whereas others focus on the role of self-
processing in driving attitude change (Bem, 1967). Other theories of attitude change posit that it 
is the combination of cognitive conflict, negative arousal, and self-processing that produces 
attitude change (Aronson, 1969; Steele, 1988). For example, cognitive conflict that is self-
relevant and threatens positive views of the self is negatively arousing, which motivates the 
individual to shift their attitudes to reduce the self-threat (Steele, 1988). The current work is most 
consistent with the latter type of theory, in that brain regions implicated in cognitive conflict, 
negative arousal, and self-processing all seem to be involved in making difficult choices and 
promoting choice-related attitude change. Furthermore, it is least consistent with theories that 
argue that only cognitive conflict or only self-processing are involved in choice-related attitude 
change. 
Taken together, the current work demonstrates that brain regions involved in thinking 
about and evaluating the self, recalling episodic or autobiographical memories, and tracking and 
updating subjective value are associated with choice-related attitude change. This research is 
consistent with the biosocial model of affective decision-making (Kitayama & Tompson, 2015), 
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in that both in-choice affective processing of the choice and post-choice cognitive processing of 
the choice options promote and facilitate choice-related attitude change. 
This research is also consistent with research that has examined brain regions involved in 
attitude change in other domains. While choice-related attitude change is primarily internally 
driven (i.e., an individual’s own actions drive the attitude change), other theories of attitude 
change focus on when and how people shift their attitudes in response to external influence (e.g., 
to conform with one’s peers or in response to a persuasive message). Despite these differences, 
many of the same brain regions identified in Chapters 2 and 3 as being involved in choice-related 
attitude change are also involved in persuasion-induced attitude change as well as attitude 
change due to social influence (Cascio, Scholz, & Falk, 2015). For example, vSTR and ventral 
mPFC are both associated with changes in ratings of phone apps after being shown what a group 
of peers rated the apps (Cascio, O’Donnell, Bayer, Tinney, & Falk, 2015). Likewise, mPFC and 
PCC activation predicts subsequent changes in behavior in response to persuasive health 
messages (Falk, Berkman, Whalen, & Lieberman, 2011). 
Beyond Univariate Activation 
Chapter 2, as well as most of the literature on brain regions involved in decision-making, 
focuses on how average activation within a specific brain region (or set of brain regions) is 
involved in decision-making. While this provides useful information about which brain regions 
are activated more during one type of choice than another, or which brain regions are more 
strongly associated with attitude change, it also misses out on a lot of additional nuance in how 
the brain processes information and makes decisions. Chapter 3 examines how functional 
connectivity between brain regions changes from pre-choice to post-choice and whether changes 
in how brain regions communicate with one another relate to attitude change. Chapter 4 
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examines how patterns of activation within a specific brain region represent information about 
the choice options (above and beyond any effect of average activation). Thus, Chapters 3 and 4 
both move beyond basic analysis of how single brain regions are involved in decision-making. 
These two novel approaches have the potential to advance our understanding of the brain. 
Brain activation is more than just a single brain region firing. The average signal within a brain 
region represents the firing of thousands of neurons, and neuronal firing communicates 
information to other neurons within that region as well as with other brain regions. Thus, 
analyzing patterns of activation (both within a single brain region as well as across brain regions) 
can help develop a richer understanding of how the brain as a whole is processing information 
related to the choice and subsequent attitude change.  
Moreover, multivariate patterns within a brain region are thought to be much more 
closely related to the actual firing-patterns of clusters (or populations) of neurons in a brain 
region and thus track how that brain region (and the neurons within that brain region) is 
processing and representing information (Mur et al., 2009). This research is the first to examine 
how people from different cultures represent choice information in the brain, and thus advances 
our understanding of the psychological processes underlying choice and attitude change. 
Nature versus Nurture 
Scientists have long debated whether behavior is driven more by an individual’s 
biological make-up or their social environment (Darwin, 1859; Herrnstein & Murray, 1994; 
Mead, 1928; Nisbett et al., 2012). Recent work in cultural neuroscience has argued that these two 
factors might not be oppositional, and instead the interaction between biology and environment 
might strongly influence behavior (Kitayama & Uskul, 2011). In this model, culture and biology 
mutually influence each other, such that culture creates the environment for particular biological 
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factors to thrive, and biology in turn influences what cultural beliefs, norms, and values are likely 
to emerge in a particular environment. The current work adds to this discussion by showing that 
brain regions involved in decision-making and neural representations of choice information 
differ for people from individualistic and collectivistic cultures.  
Implications for decision-making 
Taken together, these three studies show that brain regions involved in thinking about and 
evaluating the self, recalling episodic or autobiographical memories, taking the perspective of 
another person, tracking and updating subjective value, and monitoring conflict and negative 
arousal are all involved in making difficult choices and representing information about those 
choices. 
One potentially confusing part of the current work is the specific roles that are being 
served by mPFC and PCC. By their very nature, cortical regions are likely to be involved in 
multiple cognitive processes, and mPFC and PCC have been implicated in many closely related 
processes including processing subjective value/reward (Bartra et al., 2013; Knutson et al., 2005; 
Pearson et al., 2009), abstract representations of the self (van der Meer et al., 2010), evaluating 
self-relevance of information (Chua et al., 2011), and retrieving episodic memories (Sajonz et al., 
2010). A common underlying link between these processes is that they all involve comparing 
some information to the self, whether it is estimating the value of an item to the self, evaluating 
whether information is related to the self or included in abstract representations of the self, or 
connecting the information to memories about the self.  
Recent work has attempted to differentiate between the functional organization of 
different subregions of mPFC. Anterior mPFC is primarily involved in social judgments (i.e., 
thinking about the self and close others), reward processing, and decision-making, whereas 
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posterior mPFC is primarily involved in motor and inhibitory processes (de la Vega et al., 2016). 
Within anterior mPFC (where the ROI in the current work is located), there are further 
subdivisions, such that dorsal anterior mPFC is primarily involved in social judgments (i.e., 
thinking about the self and close others) and ventral anterior mPFC is primarily involved in 
decision-making and reward processing (de la Vega et al., 2016). This work is consistent with 
neuroeconomics research that finds that ventral anterior mPFC is involved in integrating 
information to update subjective value of choice options to the self (Bartra et al., 2013). One 
limitation of the current work is that I only test one ROI within mPFC, which is also located near 
the intersection of the dorsal and ventral anterior mPFC subregions identified in the de la Vega 
meta-analysis. It is therefore difficult to differentiate between these separate functions and 
determine which of these is occurring within the mPFC ROI used in this research. Future 
research might be able to use localizer tasks to differentiate between sub-regions in mPFC as 
well as PCC that are differentially involved in computation of reward, self-relatedness, or 
retrieval of autobiographical memories. 
Conclusion 
 In summary, the current work examines how social and biological factors influence the 
decision-making process. Perhaps more importantly, it shows that social and biological factors 
influence one another, such that people from different cultures recruit different brain regions 
when processing choice information and making difficult choices for a close friend. My research 
examines the role of social and biological factors in three key ways: how in-choice neural 
activation contributes to decision-making and attitude change when people from individualistic 
versus collectivistic cultures make choices for themselves and close others (Chapter 2), how 
functional connectivity between brain regions contributes to attitude change (Chapter 3), and 
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how different brain regions represent choice information for people from individualistic and 
collectivistic cultures (Chapter 4).  
This research advances understanding of how people from diverse cultural backgrounds 
make choices, which is critical for making extant research more broadly applicable. This 
research has broad implications for how people from different cultures make choices across a 
variety of real-world domains, including health choices (e.g., which cancer treatment to receive), 
financial choices (e.g., which stock to buy or sell), and relationship choices (e.g., who to marry). 
Ultimately, the choices we make have a far-reaching impact on those around us, and 
understanding how and why people make certain choices, and how the neural processes 
underlying these choices may differ across cultures, can lead to greater health and well-being for 
both the chooser as well as the population as a whole. 
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Appendix 
Appendix A 
Abbreviated 20-Item Version of Singelis (1994) Self-Construal Scale 
 
Item Subscale 
1. I always try to have my own opinions. Independence 
2. I am comfortable with being singled out for praise or rewards. Independence 
3. The best decisions for me are the ones I made by myself. Independence 
4. In general I make my own decisions. Independence 
5. I act the same way no matter who I am with. Independence 
6. I am not concerned if my ideas or behavior are different from those of 
other people. Independence 
7. I always express my opinions clearly. Independence 
8. Being able to take care of myself is a primary concern for me. Independence 
9. I enjoy being unique and different from others in many respects. Independence 
10. I do my own thing, regardless of what others think. Independence 
11. I am concerned about what people think of me. Interdependence 
12. In my own personal relationships I am concerned about the other 
person's status compared to me and the nature of our relationship. Interdependence 
13. I think it is important to keep good relations among one's 
acquaintances. Interdependence 
14. I avoid having conflicts with members of my group. Interdependence 
15. When my opinion is in conflict with that of another person's, I often 
accept the other opinion. Interdependence 
16. I respect people who are modest about themselves. Interdependence 
17. I will sacrifice my self-interest for the benefit of the group I am in. Interdependence 
18. I often have the feeling that my relationships with others are more 
important than my own accomplishment. Interdependence 
19. I feel my fate is intertwined with the fate of those around me. Interdependence 
20. Depending on the situation and the people that are present, I will 
sometimes change my attitude and behavior. Interdependence 
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